VOLUME 17 JANUARY, 1929 NUMBER 1 


PROCEEDINGS 
of 
Che Institute nf Radio 
Engineers 


A 


1929 CONVENTION 
Washington, D.C. 
May 13-15th 


Published Monthly By 


THE INSTITUTE OF RADIC ENGINEERS 
Publication Office: 450-454 Ahnaip St, Menasha, Wis. 


BUSINESS, EDITORIAL AND ADVERTISING OFFICES 
33 West 39th Street, New York, N.Y. 


Subscription $10.00 per Annum in the United States 
$11.00 in all other Couniries 


General Information and Subscription Rates on Page 2 


Institute of Radio Engineers 


Forthcoming Meetings 


ATLANTA SECTION 
Atlanta, Georgia, January 9, 1929 


BUFFALO-NIAGARA SECTION 
Buffalo, N. Y., January 17, 1929 


TORONTO SECTION 
Toronto, Ontario, January 16, 1929 


CHICAGO SECTION 
Chicago, Ill., January 11, 1929 


CLEVELAND SECTION 
Cleveland, Ohio, January 18, 1929 


DETROIT SECTION 
Detroit, Mich., January 18, 1929 


LOS ANGELES SECTION 
Los Angeles, Calif., January 17, 1929 


NEW YORK MEETING 
New York, N. Y., January 2, 1929 and February 6, 1929 


PHILADELPHIA SECTION 
Philadelphia, Penna., January 25, 1929 


PITTSBURGH SECTION 
Pittsburgh, Penna., January 21, 1929 


ROCHESTER SECTION MEE | 
Rochester, N. Y., January 11, 1929 


WASHINGTON SECTION 
Washington, D. C., January 10, 1929 


meen y 


PROCEEDINGS OF 


The Institute of Radio Engineers 


Volume 17 January, 1929 Number 1 
CONTENTS 
Part I Page 


General Information. 2 
Suggestions to Contributors 3 
Institute Sections 4 
Frontispiece, Raymond A. iive 6 
Institute News and Radio Notes 7 
Appointment of Assistant "— 7 
World Engineering Congress . 7 
1929 Annual Convention 8 
Institute Meetings . . À i ; à ` 11 
Committee Work . ; z Á " : " i 14 
Personal Mention 16 
Geographical List of Members Elected Denesubat 5; 1928 - 16 
Applications for Membership s d , 18 
Officers and Board of Direction 20 
Institute Committees 20 


Part II 
Technical Papers 
A Direct Reading Radio-Frequency Meter, by R. C. Hitchcock . 24 
On the Determination of the Optimum Radiation Angle for Hori- 
zontal Antennas, by A. Meissner and H. Rothe. . . . 35 
Magnetostriction Oscillators, by George W. Pierce . 42 
The Importance of Radiotelegraphy in Science, by oai. 
Zenneck  . 89 
An Auxiliary Frequency "Cogtgol far R. F. Oscillators, br G. F. 
Lampkin . ‘ 115 
A Method of Treating: Rene Stabilized Rudi; Erequeney 
Amplifying Circuits, by B. L. Snavely and J. S. Webb . . 118 
The Piezo-Electric Crystal Oscillator, by J. Warren Wright . 127 
Fading Curves and Weather Conditions, by R. C. Colwell .  . 143 
Detection Characteristics of Three-Element Vacuum Tubes, by 
Frederick Emmons Terman and Thomas M. Googin « . 149 
Filtering Antennas and Filter-Valve Circuits, by Jozef Plebanski . 161 
Discussions on The Receiving System for Long-Wave Transatlantic 
Radio Telegraphy (Austin Bailey, S. W. Dean, and W. T. 
Wintringham) . 174 
Discussion on Detection with the Four- Electrode Tube (J. R. 
Nelson), by F. B. Llewellyn and J. R. Nelson . - n . 185 
Book Review, A Bibliography of Electrical Literature. : . 187 
Monthly List of References to Current Radio Literature s € 488 
Contributors to This Issue  . : : . " . e . 194 


Che Institute nf Radin Engineers 


GENERAL INFORMATION 


The PROCEEDINGS of the Institute is published monthly and contains papers and dis- 
cussions thereon submitted for publication or for presentation before meetings of the Inst:tute 
or its Sections. Payment of the annual dues by à member entitles him to one copy of each num- 
ber of the ProceepiNnas issued during the period of his membership. 

Subscription rates to the Proceepines for the current year are received from non- 
members at the rate of $1.00 per copy or $10.00 per year. To foreign countries the rates are 
$1.10 per copy or $11.00 per year. 

Back issues are available in unbound form for the years 1918, 1920, 1921, 1922, 1923, and 
1926 at 39.00 per volume (six issues) or $1.50 per single issue. Single copies for the year 1928 are 
available at $1.00 per issue. For the years 1913, 1914, 1915, 1916, 1917, 1918, 1924, and 1925 
miscellaneous capies (incomplete unbound volumes) can be purchased for $1.50 each; for 
1927 at $1.00 each. The Secretary of the Institute should be addressed for a list of these. 

Discount of twenty-five per cent on all unbound volumes or copies is allowed to members 
of the Institute, libraries, booksellers, and subscription agencies. 

Bound volumes are available as follows: for the years 1918, 1920, 1921, 1922, 1923, 1925, 
and 1926 to members of the Institute, libraries, booksellers, and subscription agencies at $8.75 
per volume in blue buckram binding and $10.25 in morocco leather binding; to all others the 
prices are $11.00 and 312.50, respectively. For the year 1928 the bound volume prices are: 
to members of the Institute, libraries, booksellers and subscription agencies, 39.50 in blue 
buckram binding and $11.00 in morocco leather binding; to all others, $12.00 and $13.50, re- 
spectively. Foreign postage on all bound volumes is one dollar, and on single copies is ten cents. 

Year Books for 1926, 1927, and 1928, containing general information, the Constitution 
and By-Laws, catalog of membership, etc., are priced at seventy-five cents per copy per year: 

Contributors to the PRocEEpINGs are referred to the following page for suggestions as to 
approved methods of preparing manuscripts for publication in the PROCEEDINGS. 

Advertising rates to the PRocEEDINGS will be supplied by the Institute's Advertising 
Department, Room 802, 33 West 39th Street, New York, N. Y. 

Changes of address to affect a particular issue must be received at the Institute office not 
later than the 15th of the month preceding date of issue. That is, a change in mailing address 
to be effective with the October issue of the PRocEEDINGs must be received by not later than 
September 15th. Members of the Institute are requested to advise the Secretary of any change 
in their business connection or title Uo im epic of change in their mailing address, for the pur- 
pose of keeping the Year Book membership catalog up to date. 


The right to reprint limited portions or abstracts of the papers, discussions, or editorial 
notes in the PROcEEDINGs is granted on the express condition that specific reference shall be 
made to the source of such material. Diagrams and photographs published in the PROCEEDINGS 
me not be reproduced without making special arrangements with the Institute through the 

ecretary. 


It is understood that the statements and opinions given in the PROCEEDINGS nre views 
of the individual members to whom they are credited, and are not binding on the membership 
of the Institute as a whole. 


Correspondence relative to business, editorial, and advertising matters should be addressed 
to the Institute of Radio Engineers, 33 West 39th Street, New York, N. Y., U.S. A. 


Copyright, 1929, by 
THE INSTITUTE OF RADIO ENGINEERS, INC. 
Publication office, 450-454 Ahnaip Street, Menasha, Wis. 
BUSINESS, EDITORIAL, AND ADVERTISING OFFICES, 
33 WEST 39TH ST., NEW YORK, N. Y. 


SUGGESTIONS FOR CONTRIBUTORS TO THE 
PROCEEDINGS 


Preparation of Paper 


Form—Manuscripts may be submitted by member and non-member contributors from any 
country. To be acceptable for publication manuscripts should be in English, in final 
form for publication, and accompanied by a summary of from 100 to 300 words. Papers 
should be typed double space with consecutive numbering of pages. Footnote references 
should be consecutively numbered, and should appear at the foot of their respective pages. 
Each reference should contain author's name, title of article, name of journal, volume 
page, month, and year. Generally, the sequence of presentation should be as follows: 
statement of problem; review of the subject in which the scope, object, and conclusions 
of previous investigations in the same field are covered; main body describing the ap- 
paratus, experiments, theoretical work, and results used in reaching the conulusions 
conclusions and their relation to present theory and practice; bibliography. The above 
pertains to the usual type of paper. To whatever type a contribution may belong. a close 
conformity to the spirit of these suggestions is recommended. 


Illustrations—Use only jet black ink on white paper or tracing cloth. Cross-section paper 
used for graphs should not have more than four lines per inch. If finer ruled paper is 
used, the major division lines should be drawn in with black ink, omitting the finer de- 
visions. In the latter case, only blue-lined paper can be accepted. Photographs must 
be very distinct, and must be printed on glossy white paper. Blueprinted illustrations of 
any kind cannot be used. All lettering should be ?/i in. high for an $ x 10 in. figure. 
Legende for figures should be tabulated on a separate sheet, not lettered on the illustrations. 


Mathematies—Fractions should be indicated by a slanting line. Use standard symbols. 
Decimals not preceded by whole numbers should be preceded by zero, as 0.016. Equations 
may be written in ink with subecript numbers, radicals, etc., in the desired proportions. 


Abbreviations— Write a.c. and d.c., ke, uf, uf, emf, mh, uh, henries, abscissas, antennas 
Refer to figures as Fig. 1, Figs. 3 and 4, and to equations as (5). Number equations on the 
right, in parentheses. 


Summary—The summary should contain a statement of major conclusions reached, since 
summaries in many cases constitute the only source of information used in compiling 
scientific reference indexes. Abstracts printed in other journals, especially foreign, in 
most cases consist of summaries from published papers. The summary should explain 
as adequately as possible the major conclusions to a non-specialist in the subject. The 
summary should contain from 100 to 300 words, depending on the length of the paper. 


Publication of Paper 


Disposition—All manuscripts should be addressed to the Institute of Radio Engineers, 33 West 
39th Street, New York City. They will be examined by the Committee on Meetings and 
Papers and by the Editor. Authors are advised as promptly as possible of the action 
taken, usually within one month. 


Proofs—Galley proof is sent to the author. Only necessary corrections in typography should 
be made. No new material is to be added. Corrected proofs should be returned promptly 
to the Institute of Radio Engineers, 33 West 39th Street, New York City. 


Reprints—With the notification of acceptance of paper for publication reprint order form ia 
sent to the author. Orders for reprints must be forwarded promptly as type is not held 
after publication. 


INSTITUTE SECTIONS 


Chairmen Secrelaries 
ATLANTA 
Walter Van Nostrand George Llewellyn, P. O. Box 1593, 
Atlanta, Ga. 
BOSTON 
George W. Pierce Melville Eastham, 30 State St., 


Cambridge, Mass. 
BUFFALO-NIAGARA 


L. C. F. Horle P. S. March, 428 Richmond Ave., 
Buffalo, N. Y. 

TORONTO 

A. M. Patience C. C. Meredith, 110 Church St., Toronto, Ontario 
CHICAGO 

John H. Miller H. E. Kranz, 4540 Armitage Ave., Chicago, Ill. 

CLEVELAND 
Bruce W. David D. Schregardus, Ohio Bell Tel. Co., 


750 Huron Road, Cleveland, Ohio 
CONNECTICUT VALLEY 


W. G. Cady George W. Pettengill Jr., 70 Edendale Street, 
Springfield, Mass. 
DETROIT 
Earle D. Glatzel W. R. Hoffman, 615 West Lafayette Blvd., 
Detroit, Mich. 
LOS ANGELES 
Thomas McDonough W. W. Lindsay, Jr., 927 La Jolla Ave., 


Hollywood, Cal. 
NEW ORLEANS 


Pendleton E. Lehde Anton A. Schiele, 1812 Masonic Temple, 
New Orleans, La. 
PHILADELPHIA 
J. C. Van Horn John C. Mevius, 1533 Pine St., 
Philadelphia, Pa. 
PITTSBURGH 
W. K. Thomas A. J. Buzzard, 915 Penn Ave., 
Pittsburgh, Pa. 
ROCHESTER 
B. Chamberlain A. L. Schoen, 3 Kodak Park, 


Rochester, N. Y. 
SAN FRANCISCO 


L. F. Fuller Paul Fenner, 
Custom House, San Francisco, Cal. 
SEATTLE 
W. A. Kleist Abner R. Willson, 8055-14th Ave., N. E., 
Seattle, Wash. 
WASHINGTON 
F. P. Guthrie Thomas McL. Davis, (Acting Secretary), 4302 


Brandywine St., N. W., Washington, D.C. 
4 


Raymonp A. HEISING 
Member Board of Direction, 1929 


Raymond A. Heising was born August 10, 1888 at Albert Lea, 
Minnesota. He received the E.E. degree from the University of 
North Dakota in 1912, and the M.S. degree from fhe University 
of Wisconsin in 1914. Since 1914 he has been a member of the 
technical staff of the Engineering Department of the Western Elec- 
trie Company and of its successor, Bell Telephone Laboratories, 
specializing in radio telephony. He was at the transmitting end 
of the historical radio telephone experimental transmission between 
Arlington and Paris, Honolulu and Darien in 1915. During the 
war he worked on numerous war-time radio projects, and acted as 
instructor to technical men assigned by the War Department to the 
Western Electric Company laboratories. He has taken part in prae- 
tically all of the American Telephone and Telegraph Company’s 
recent radio projects. He has published numerous papers in this 
and other journals, and holds over fifty patents applying to prac- 
tical radio development. 

The Institute awarded Mr. Heising the Morris Liebmann Memo- 
rial Prize for 1921, and elected him a member of the Board of 
Direction in 1926. He is a Fellow of the Institute, has been Chair- 
man of its Committee on Admissions, and a member of other of its 
Committees. 


| : 
| INSTITUTE NEWS AND RADIO NOTES 
t - : 


December Meeting of the Board of Direction 


At the meeting of the Board of Direction of the Institute held 
in the Institute office on December 5, 1928 the following were 
present: Alfred N. Goldsmith, President; L. E. Whittemore, 
Vice President; Melville Eastham, Treasurer; John M. Clayton, 
Secretary; Arthur Batcheller, J. H. Dellinger, R. A. Heising, 
J. V. L. Hogan, and R. H. Marriott. 

The following were transferred or elected to the higher 
grades of membership in the Institute: transferred to the Fellow 
grade: H. J. van der Bijl; transferred to the Member grade: 
P. H. Sohor and Sidney R. Wright; elected to the Member grade: 
M. W. Kenney, W. T. Runge, and Tadashi Fujimoto. 

Ninety-three Associate members and eight Junior members 
were elected. 


Appointment of Assistant Secretary 


The Board of Direction of the Institute at its October meeting 
appointed C. J. Porter, of Buffalo, New York, Assistant Secretary 
of the Institute. For the past ten years Mr. Porter has been 
associated with the Westinghouse Electric and Manufacturing 
Company at Buffalo as radio specialist. He was a member of 
the organization committee of the Buffalo-Niagara Section and 
served as Secretary of that Section for two years. Mr. Porter 
assumed his duties with the Institute on November 1st. He will 
be mainly occupied in the handling of Section matters. 


World Engineering Congress 


The Institute has been requested by the American Committee 
of the World Engineering Congress, which is to be held in Tokio 
in October of 1929, to sponsor a paper on “The Trend of Radio 
Broadcasting and its Relation to National Solidarity." A Com- 
mittee composed of Alfred N. Goldsmith, Chairman; B. A. Clark, 
B. Ray Cummings, D. G. Little, J. H. Dellinger, E. L. Nelson, 
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and Julius Weinberger has undertaken the preparation of a 
symposium paper which will be read at the Congress and sub- 
sequently published in the PRocEEDINGS. 


Radio Stations of the World 


The November 1928 issue of the ProceEDINGS contained a 
list of frequency assignments throughout the world above 
1,500 kc. Column three of page 1576 of this list is out of alignment. 
To give proper readings, move the first twelve lines of column 
three down one line, and move each line from *Drummondville 
P.Q." to the bottom of the page up one line. 

Reprints of this list can be obtained free of charge by request- 
ing Reprint No. 59. These reprints do not contain the above 
correction. 


Chicago Section 


The paper on *The Design of Transformers for Audio-Fre- 
quency Amplifiers with Preassigned Characteristics,” by Glenn 
Koehler, published on page 1742 of the Decenber, 1928 issue of 
the PRocEEDINGS was presented before the April 20, 1928 meeting 
of the Chicago Section. 


1929 Annual Convention 


Plans for the 1929 Annual Convention to be held in Washing- 
ton, D. C. on May 13-15 are being completed. Chairmen of the 
various committees have been appointed as follows: F. P. Guthrie, 
Convention Chairman; Thomas MeL. Davis, Registration and 
Arrangements; Professor A. E. Kennelly, Fellowship; S. S. Kirby, 
Trips; F. P. Guthrie, Banquet; R. D. Heinl, Publicity. 

Special arrangements are being made to entertain lady guests 
at this Convention. A Committee composed of Mrs. F. P. 
Guthrie, Mrs. J. H. Dellinger, Miss Mary T. Loomis, and Miss 
Elizabeth M. Zandonini has been appointed to arrange a number 
of features of special interest to the ladies present during the 
Convention. 

The technical program plans call for a symposium meeting 
on the technieal problems involved in radio legislation, and a 
similar meeting for a symposium on still and moving picture 
transmission by radio. 
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As the annual meeting of the U.R.S.I. consisting of a full day 
of technieal programs follows on the 16th, the entertainment 
features of the Institute convention are being stressed. Members 
desiring to remain in Washington to attend the U.R.S.I. meeting 
will be cordially welcomed. At the U.R.S.I. meetings a large 
number of excellent radio papers are always presented. 

Among the trips tentatively scheduled for the convention are 
inspection trips to the Naval Research Laboratory, the Bureau 
of Standards, Arlington Radio Station and the Tomb of the 
Unknown Soldier, and Mount Vernon. 

The completed program of the convention will be announced 
in an early forthcoming issue of the ProceEpINGs. Members are 
urged to set aside May 13 to May 15 for the 1929 Convention! 


Dewey Decimal Classification 


With this issue, on the title page of each paper will be found 
the Dewey Classifieation of each paper published in the Pno- 
CEEDINGS. This number appears as a footnote. 

The index to the PRockeEpiNGs for 1927 and 1928 will be 
published in the 1929 Year Book, arranged according to the 
Dewey Decimal Classifieation. 

Members desiring further information as to the use of this 
method of classification and indexing are referred to ^A Decimal 
Classification of Radio Subjects—An Extension of the Dewey 
System," Bureau of Standards Cireular No. 138, which may be 
obtained from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. for ten cents. 


Edison Medal Awarded to Frank B. Jewett 


The Edison Medal has been awarded by the Edison Medal 
Committee of the American Institute of Electrical Engineers to 
Dr. Frank B. Jewett, Vice President of the American Telephone 
and Telegraph Company, and President of the Bell Telephone 
Laboratories, for his contributions to the art of electrical com- 
munieation. 

The Edison Medal was founded by associates and friends of 
Mr. Thomas A. Edison, and is awarded annually. 
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U. S. Government Call Book 


The June 30, 1928 edition of *Commereial and Government 
Radio Stations of the United States" is now available from the 
Superintendent of Documents, Government Printing Office, 
Washington, D. C. for fifteen cents. 

In addition to a list of the land and ship radio stations, 
both commercial and governmental, the 1928 edition contains 
two lists of broadcasting stations, the first being the assignments 
prior to November 11, 1928 and the second the assignments 
subsequent to that date. The broadcast station lists are arranged 
alphabetically by call letters, alphabetically by states and 
cities, and numerically by wavelengths and frequencies. 


Standard Frequency Transmissions by the Bureau of Standards 


The Bureau of Standards announces its schedule of radio 
signals of standard frequencies for use by the publie in eali- 
brating frequency standards and transmitting and receiving ap- 
paratus. This schedule includes many of the border frequencies 
between services as set forth in the allocation of the Inter- 
national Radio Convention of Washington, which goes into effect 
January 1, 1929. The signals are transmitted from the Bureau's 
station WWV, Washington, D. C. They can be heard and utilized 
by stations equipped for continuous-wave reception at distances 
up to about 500 to 1,000 miles from the transmitting station. 

The transmissions are by continuous wave radiotelegraphy. 
The signals have a slight modulation of high pitch which aids in 
their identification. A complete frequency transmission includes a 
“general call” and “standard frequency” signal, and “announce- 
ments.” The “general call” is given at the beginning of the 8- 
minute period and continues for about two minutes. This 
includes a statement of the frequency. The “standard frequency 
signal” is a series of very long dashes with the call letter (W WV) 
intervening. This signal continues for about four minutes. 
The “announcements” are on the same frequency as the “stand- 
ard frequency signal” just transmitted and contain a statement 
of the frequency. An announcement of the next frequency to 
be transmitted is then given. There is then a 4-ininute interval 
while the transmitting set is adjusted for the next frequency. 

Information on how to receive and utilize the signals is 
given in Bureau of Standards Letter Circular No. 171, which 
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may be obtained by applying to the Bureau of Standards, 
Washington, D. C. Even though only a few frequency points 
are received, persons can obtain as complete a frequency meter 
calibration as desired by the method of generator harmonics, 
information on which is given in the letter circular. The schedule 
of standard frequency signals is as follows: 


RADIO SIGNAL TRANSMI8810N8 OF STANDARD FREQUENCY SCHEDULE OF 
FREQUENCIES IN KILOCYCLES 


Eastern Standard Time Jan. 21 Feb. 20 March 20 

10:00-10:08 P.M 125 500 

10:12-10:20 150 600 1700 
10:24-10:32 200 650 2250 
10:36-10:44 250 800 2750 
10:48-10:56 300 1000 2850 
11:00-11:08 375 1200 3200 
11:12-11:20 450 1400 3560 
11:24-11:32 550 1500 4000 


Institute Meetings 
Boston SECTION 

The Boston Section held a meeting in Cruft Laboratory, 
Harvard University, Cambridge, Massachusetts on November 
16th. Dr. G. W. Pierce, Chairman of the Section, presided. 

A paper, “Electrical Transmission of Pictures and Images,” 
was presented by J. W. Horton, Chief Engineer of the General 
Radio Company. 

Following the presentation of the paper the following members 
participated in its discussion: A. F. Murray, H. W. Lamson, 
A. E. Kennelly, H. J. Tyzzer, G. W. Pierce, L. F. Curtis and 
P. B. Bauer. 

On December 12th a meeting of the Boston Section was 
held in Cruft Laboratory to hear a paper by Major Richard H. 
Ranger, of the Radio Corporation of America, on “Recent 
Developments in Photoradio.” 

It is hoped that both of these papers may appear in early 
issues of the PROCEEDINGS. 


CANADIAN SECTION 

A meeting of the Canadian Section was held on October 10th 
in the Electrical Building, University of Toronto. A. M. Patience, 
Chairman of the Section, presided. 

B. F. de Bayley presented a paper, “A Direct Reading Audio- 
Frequency Bridge.” Following the presentation the following 
members of the section participated in its discussion: Messrs. 
Patience, Smith, Meredith, Thompson, and others. 
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Fifty-three members of the Section and guests attended the 
meeting. 
CLEVELAND SECTION 


The second meeting of the 1928-29 season was held on 
November 23rd, in the auditorium of the Physics Building, 
Case School of Applied Science. 

Chairman John R. Martin presided. 

Dr. Dayton C. Miller, Ambrose Swasey, Professor of Physics 
at Case School of Applied Science, presented a paper “The 
Physical Characteristics of Music and Speech.” The paper 
explained the early experiences of the author, which led him 
into the study of sound. Dr. Miller explained the development 
of the “phonodeik” to make visible the character of sound and 
waves. It consists of a glass diaphragm linked with a minute 
pivoted mirror. A beam of light is reflected by the movement of 
the diaphragm and then spread out on a screen by a revolving 
mirror. 

A resumé of the underlying principles of sound and music 
was given, and the speaker explained and demonstrated tonal 
quality and wave composition by means of ten tuning forks. 

The talk was supplemented with lantern slides, which were 
explained in detail. The “phonodeik” was demonstrated and 
projected a moving image of sound picture on a large screen in 
front of the audience. The wave shape produced by various 
musical instruments and the human voice was clearly shown. 

Following the presentation of the paper a large number of 
persons participated in the discussion. There were about one 
hundred and thirty-five members of the Cleveland Section present 
and questions were asked at the end of the meeting. 


New York MEETING 

Dr. A. S. Eve, of McGill University, Montreal, Canada, 
came to New York on the evening of December 5th to present 
the paper *Reception Experiments in Mount Royal Tunnel," by 
Messrs. Eve, Steel, Olive, McEwan, and Thompson. 

The paper appears in an early fortheoming issue of the 
PROCEEDINGS. 

Following its presentation the following members took part 
in the discussion: A. S. Eve, Alfred N. Goldsmith, R. H. Marriott, 
Haraden Pratt, J. H. Dellinger, G. W. Kenrick, and others. 
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One hundred and seventy-five members and guests attended 
the meeting. 

The January 2nd, 1929 meeting in New York will be addressed 
by Dr. V. Zworykin, of the Westinghouse Electric and Manufac- 
turing Company, on the subject of “Facsimile Picture Trans- 
mission.” 


PHILADELPHIA SECTION 


On November 23rd a meeting of the Philadelphia Section, 
held in the Franklin Institute, was addressed by G. W. Kenrick. 
The paper was entitled, “The Heaviside-Kennelly Layer and Its 
Relation to Radio Transmission Phenomena.” 

The paper reviewed the historical development of radio 
transmission theory and considered evidence for the existence 
of a conducting layer. Group time and phase retardation 
measurements in determining the virtual height of the layer 
as a function frequency and angle were described. New group 
time experiments which show the diurnal variation of the layer 
and the effect of a magnetic storm were presented. The paper 
also described the methods of determining the ratio of “real” 
to “virtual” height of the layer from group time and phase 
retardation experiments, and the applieation of the results thus 
determined to a study of the variation of electronic and ionic 
density in the upper atmosphere as a function of height was 
mentioned. 

The meeting was presided over by J. C. Van Horn, Chairman 
of the Section. Thirty-five members of the Section were present. 


PITTSBURGH SECTION 


A meeting of the Pittsburgh Section was held on November 
20th in the Fort Pitt Hotel, Pittsburgh. L. A. Terven, Vice- 
Chairman of the Section, presided. 

V. D. Landon, of the Westinghouse Electric and Manu- 
facturing Company, presented a paper on “Radio Installation 
for Apartment House Use." The paper described an antenna 
distribution system on radio frequencies for apartment houses 
and similar structures. The system is composed of a radio- 
frequency amplifier and a distributing coupling cireuit. A single 
antenna approximately 30 feet high and 80 feet long is used 
with the system in conjunction with a separate frequency 
amplifier in each group of ten or less receivers. Each receiver 
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has its own distribution coupler. Detailed theory of the system 
was explained and worked up from formulas. 

Following the presentation of the paper, Messrs. Sutherlin, 
Sunnegrin, McKinley, Allen, and Terven participated in its 
discussion. 

Twenty-four members of the Section attended the meeting. 


WasHINGTON SECTION 


On November 8th a meeting of the Washington Section was 
held in the Continental Hotel, 1 Capitol Street, Washington, 
D.C. F.P. Guthrie, Chairman of the Section, presided. 

Warren B. Burgess, of the Naval Research Laboratory, pre- 
sented a paper on “Radio Compass in Theory and Practice.” 

Following the presentation of the paper, the following took 
part in its discussion: H. G. Dorsey, G. D. Robinson, D. G. 
Howard, Colonel Parrott, F. P. Guthrie, T. Parkinson, R. B. 
Stewart. 

Forty-six members and guests attended the informal dinner 
preceding the meeting and sixty-five members attended the 
meeting. 

On December 13th a meeting of the Washington Section 
will be held in the Continental Hotel. Dr. E. O. Hulburt, of the 
Naval Research Laboratory, will deliver a paper on “Radio 
Transmission and Magnetic Storms." 


Committee Work 


COMMITTEE ON SECTIONS 


A meeting of the Committee on Sections was held in the 
Institute Office on November 16th. The following were present: 
Donald MeNicol, Chairman; Arthur Batcheller, and C. J. 
Porter, Assistant Secretary. 

The Committee studied the proposed revised constitution, 
which is to be submitted to the Institute membership for approval 
in the near future, with a view to making necessary recommenda- 
tions to the Board of Direction regarding portions of the Consti- 
tution affecting the Institute Sections. 

Correspondence looking to the formation of Institute Sections 
in Schenectady, St. Louis, Milwaukee, Minneapolis, and 
Cincinnati was reviewed. 
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COMMITTEE ON ÁDMISSIONS 
The Committee on Admissions met on December 5, 1928 in 
the Institute office. R. A. Heising, Chairman, E. R. Shute, and 
F. H. Kroger were present. The Committee considered six 
applications for transfer or election to higher grades of member- 
ship in the Institute. 


Personal Mention 


L. E. Hayslett has left Kenmore, New York, to become 
Inspection Engineer of the United Reproducers Corporation of 
Rochester, New York. 

A. C. Matthews has left Schenectady, New York for Chicago 
where he is now employed as radio engineer with the Stewart 
Warner Corporation. 

W.E. Miles has been transferred from the Naval Communica- 
tion office, Navy Yard, Boston to the Naval Radio Traffic 
Station, Bar Harbor, Maine. 

R. V. Beshgetoor, formerly with the General Electric 
Company at Schenectady is now in the Engineering Products j 
Division of the Radio Corporation of America in New York City. 

Edgar H. Felix has joined the staff of the National Electrical 
Manufacturers’ Association, specializing in radio problems. 
Mr. Felix is on the Institute Committee on Meetings and Papers. 

W. W. Lindsay, Secretary of the Los Angeles Section of the 
Institute, is now associated with the Movietone Department of 
Wiliam Fox Studios at Hollywood, California, as research 
engineer. 

William F. Diehl, who for the past ten years has been con- 
nected with the A. H. Grebe Company as Chief Engineer, 
recently joined the staff of the Radio Division of the Victor 
Talking Machine Company, of Camden, New Jersey. 

Maurice Berger, formerly with the Radio Corporation of 
America at New York City is now associated with the Electrical 
Research Laboratories, Incorporated, of New York City. Mr. 
Berger has been a member of the Institute's Committees on 
Membership and Sections for several years. 

David Casem, for the past five years radio editor of the New 
York Telegram has been appointed director of the publicity 
bureau of broadcasting station WOR at Newark. Mr. Casem 
has served on the Institute's Commitee of publicity for a num- 
ber of years. 
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED 
DECEM BER 5, 1928 


Transferred to the Member grade 


California Los Angeles, 800 North Spring Street........... Sohor, P. H. 
England Shipley, Yorkshire, 14 Bankfield Drive ....... . Wright, Sidney R. 


Elected to the Member grade 


Illinois Elmhurst, 265 W. North Avenue............... Kenney, M. W. 
Germany Berlin, Wittenau, Robertstr............0 00.5... Runge, Wilhelm T. 
Japan Tokyo, Setagaya, 429 Taishido......... .......Fujimoto, Tadashi 


Elected to the Associate grade 


Arkansas Blytheville, 304 Davis Avenue............. ...Lintzenioh, C. L. 
California Glendale, 408 Wing Street. .........Shomler, H. B. 
Holly wood, 1030 N. Western Avenue. . . i  Finstein, Paul 
Hollywood, 1345 North New Hone Avenue.Sarver, Frank M. 
Los Angeles, 4503 Paulhan.... .. Andersen, H. W. 
Los Angeles, 1444 So. Norton Avenue...........Buffinger, William 
Los Angeles, 1441 W, 51 Place................ ..Hill, Alfred LeRo 
Los Angeles, 1050} Cloverdale................. Stevens, Sterling 
Sterling City...... i ARA NE REN Overton, D. C. 
Stookton, 1520 N. Eldorado Street. ...... . Holt, Pliny E. 
Georgia Atlanta, c/o General Electric Co., P.O. Box 1698. Bussey, H. E. 
Atlanta, 1331 Lucile Avenue, S. Ww. . Wallace, Lawrence T. 
Columbus, c/o Columbus Electrio and Power Co.. Farris, Herbert Talley 
Illinois Chicago, 100 W. Monroe St........ sess sss Fillmore, Harry Philip 
Chicago, 2247 Calumet Avenue. ... Hauser, Albert 
Chicago, c/o R. C. A., 100 W. Monroe Street. Kennedy, W. J.B. 
Chicago, 1544 North Dearborn stre . Nourse, Philip R. 
Chicago, 4430 Clifton Avenue... . s .... Turner, C. G. 
Dixon, 521 McKenney Street. ... yt ed .Hall, Howard J. 
Kewanee, 2193 West Second Street i p ad Sie Clifford L. 
Urbana, Dept. of Elec. Eng., University of Ulinois.. Hershey, Arthur W. 
Indiana Indianapolis, 1036 Eugene Street....... . .Brers, Russell R. 


Valparaiso, 402 Monroe Street. . 


: . . Alexander, Leslie Alpheus 
Valparaiso, 555 So. College Avenue. 3 


.Imler, Glenn M 


lowa Hale, Bor 20oras s tenets v .....Kruse, Gerald D. 
Louisiana Baton Rouge, 830 North Street. .... .........Webre, Andrew 8. 
New Orleans, 3624 Magazine iren .....de Otter, G 
New Orleans, 1222 Eagle Street............. . Pasquet, Jean E. 
New Orleans, 2655 Canal Street................Rabito, A. Paul 
Massachusetts Cambridge, Massachusetts Institute of Tech- 
GOEY ea maaien o sated tate ihe ...Berrow, W. L. 
Cambridge, 28 Gorham Street...... i .......Sben, Pinlu 
Cambridge, General Radio Co............. .... Worthen, Charles E. 
North Attleboro, Old Post Road. ...... .......Barrett, Kerman R. 
Roxbury, 38 Atherton Street.............. ...Collins, Lewis R. 
Swampscott, 12 Humphrey Terrace.. .......Humphrey, Stanley M. 
Michigan Detroit, 295 Ferry Street...... y EV eaqt-À Line, F. M. 
Minnesota Minneapolis, Francis Drake Hotel cesse Brooks, Kenneth E. 
St. Paul, Federal Bldg., Room 413.............. Heiser, Edwin 8. 
New Jersey Boonton, 804 Main Street. ...Pittenger, Arthur W. 
Hackensack, c/o Gotham ‘Electric Sales Corp., 
PI M NNASU A isn esa oo ana SORE Oe wre ae Slocum, K. W. 
Jersey City, 96 "Duncan Avenue. . d hurts . Palmer, C. Walter 
New York Brooklyn, 289 Henry Street.. Zubd ied us .- Kearney, L. E. 
Brooklyn, 446 Ocean AERE A KR peat: Thomas, Howard H. 
Brooklyn, 167 Clinton Avenue......,..-.....-- Welker, Paul L. 
Brooklyn, 2526-85th Street... Yonofsky, Harry 
Buffalo, 79 Roanoke Parkway "ya. esos Beyer, Glen R. 
Buffalo, 1204 Kensington Avenue.... ... .Carmody, 
Raymond P. M. 
Buffalo, 62 Mandan Street. . .....Deane, Harold A. 
Buffalo, 291 South Elmwood “Avenue... 3 Flutka, Ralph M. 
Buffalo, 778 Washington Street. m ... Lord, Harry Raymond 
Buffalo, 116 Hartwell Road.. E . . . Marrison, John F. 
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Ohio 


Pennsylvania 


Washington 


West Virginia 
Canada 


China 
England 


Germany 
Japan 


South Africa 


Indiana 
Louisiana 
Massachusetts 
New York 


Pennsylvania 
England 


Buffalo, 131 Peabody Street.............. 
Buffalo, 176 Laurel Street. 

New York City, 1343 Herschell Street, Bronx.. 
New York City, Co er Union, Cooper Square. . 
New York City, 72 tlandt Street, Room 301. 
New York City, 50 Church Street, Room 1467. 
New York City, 252 ae Avenue....... 
Tonowanda, R.F.D. No. 1..... -— 
Alliance, 209 E. cim y Street 

New Philadelphia, Y Second Street, N. W. 
Ravenna, Box No.4........ 
Youngstown, 106 Carroll Street . 
Aldan, Delaware Co., 57 Glen soot SERRE 
Erant iote P Kond quo ogetc) UNUM ERAI EH 
Philadelphia, 1421 Arch Street. 
Philadelphia, 4302 Ogden Srreet. . 
Philadelphia, 6162 Algard Street... .... 


Pittsburgh, N. S., Bellevue, 520 Bayne Avenue.. 


Pittsburgh, N. S., 9 Magnet Street. ..... 
Reading. Avenue Radio & Electric Shop, 460 
Schuylkill Ave. Lures cai vh wr n ERA RS 
Seattle, 570 First Avenue So.. . i 
Seattle, 5744-28th Avenue N. E.. 
Fairmont, 1109 Alexander Place.......... 
Kitchener, Ont., Benton Street. . 
London, Ont., 599 King Street . 
Long Branch P. O., Ont.. ... 
Niagara Falls, Ont., P. Ò. Box 100. 
Toronto, Ont., 374 Jane Street . 
Toronto, Ont., 139 Sunny Side Avenue. 
Toronto 2, Ont., Canadian Westinghouse Co., Ltd. 
Shanghai, Admiralty House. . s PTEE 
Blackford, Lancs, 6 Springfield, Road.. 
Great Harwood, 20 St. Huberts Street 
North Stockport, Northdene; High Lane : 
Sowerby Bridge, Yorks, “The Hollins” 
Bielefeld, Oberntorwall 29....... T 
Hiroshima, No. 14 Kamiyanagi-machi.... 
Ibnraki-ken, Makabe-gun, Katchi-mura, I" IS 
Shimane-hen, Tobisumura Hikawa-gun........ 
Marunouchi, "Japan Wireless Telegraph Co.. 
E xw Yaesucho, I-Itchome, Japan Wireless 


Toke, hes Weed te Ge al 


Hongin 2-3, c/o G. Pal 
wara. T E Tr T ad wt Educ 
Vereeniging: Transvaal, P. O. Box 27.... 


Elected to the Junior grade 


Valparaiso, 712 Calumet Avenue...........- 
New Orleans, 3706 Danneel Street. . 
Cambridge, 57 Gorham Street. ... . 


Buffalo, 219 Goodell Street . Y 
New York City, 897 Faile Street, Bronx e 
Rochester, 322 Hazelwood Terrace. . 
Philadelphia, 1507 Porter Street. 
Marlborough, Wilta, 2 The Parade.... 


.. . Pritchard, John A. 
.. Wright, George A. 


. . Bender, Martin, Jr. 
.Fairburn, A. J. B. g 
. Moore, E. B.ie 

. Kichijiro, Kobayashi 


` Vaughan, Carroll B. 
. King, Francis N. 
. . Mitchell, H. J. 
. Murray, Charles J. 
...Rettig, 
.. Wilkins, Bernard T. 


Floyd A. 


Trainer, George T 
McHenry, Charles E., Jr. 


. . Frederick, Calvin M. 


Rabinowitz, Meyer 


Richard Pebworth 


.. Roberts 


.Dauber, 


Albert Edwerd, Sr. 
. Hayer, Henry J 


Good, Horace D. 


... Foster, Nick Hight 
.. Kuhn, Frederick S. 


. .Beerbower, Robert: Glenn 


. . Pollock, Carl A. 
; -Crittle, W.J. 


Wood, Hubert T. W. 


; .Dibbles, John 
.Bayne, R. R. 


. Cormack, William A. 
‘Thompson, Frank 


Chen, C. C. 


. Cohen, Samuel H, 
. . Hodkinson, Henry 


Warner, Frederick F. 


... Whiteley, George M. 
.. Mann, Theodore H. 
. Tsumura, Kazuo 


.Fujikura, Keijiro 
Sonoyama, Harutoshi 


.Kanko, Go 


Simbori, Masayosi 


. Yamaguchi, Usaburo 


.. Yapp, William Gustavus 


. .Sterns, Clarence C. 
.. Dover, M. H. 
.Chu, Y 


. . Weiss, Earl 
< de Sherman, Jesse B. 
. . Clonick, Theodore 


. . Doherty, George H. M. 


Cooper, 
William Henry Bernard 
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APPLICATIONS FOR MEMBERSHIP 


Applications for transfer or election to the various grades of member- 
ship have been received from the persons listed below, and have been 
approved by the Committee on Admissions. Members objecting to trans- 
fer or election of any of these applicants should communicate with the 
Secretary on or before February 1, 1929. These applicants will be con- 


sidered by the Board of Direction at its February 6th meeting. 


Ohio 


Dist. of Columbia 


For Transfer to the Member grade 
Cleveland, WJAY, Schofield Bldg..... 


For Election to the Member grade 
Washington, 406 International Bldg.. 


. Gray, Harold E. 


. Stewart, Jessica Dee 


Nicaragua Managua U.S.S. Rochester, Balboa, C. Zi .Coulter, Howard N. 
For Election to the Associate grade 
Alabama Mobile, c.o exeun Music House aun. Helt, Sanford 
Mobile, P. O. Box 8 . . Helt, Scott 
California Oakland, 1208 E. eth St.. Brearty, Lawrence S. 
Los Angeles, 444 Kings Road. . Grosjean, 
San Francisco, 2370 Filbert St... Smith, Herbert H. 
San Jose, 398 N. 8th St.. Kelliher, John Edward 
Colorado Colorado Springs, 920 E. Monument. Jlarvey, Francis M. 


Dist. of Columbia 


Washington, Bureau of Stand: a Yd 


Brattain, Walter H. 


Washington, 3706-24th St., N. Day, John F. 

Ww ashington, 401-23rd St., N. W : Detwiler, Donald J. 
Illinois Chicago, 4134 North Richmond Ave.. Brose, Fred O. 

Chicago, 2787 Frances Place. . Edwards, Charles 

Chicago, 6257 Harper ig Hermanutz, Ray J. 

Chicago, 2251 E. 71st St.. Timmings, George H. 

Oak Park, P. O. Bois 352 Hoffman, Walter Henr: 
lowa Blairsburg. . Baughman, Raymond 
Kansas Atchison, 624 U St.. Gier, Willard Marion 


Massachusetts 


Michigan Detroit, 11338 Dexter Blvd. Huber, John E. L'E. 
Detroit, 504 Commerce prod Kratokvil, Frank M. 
Detroit, 15364 Oakfield Ave.. . Martin, Robert D. 
Detroit, 16508 b et i . .O'Neil, John J. 
Detroit, 135 Nevada, W Porter, Samuel 
Jackson, 1019 First St... . . Rich, C. 

- Jackson, 434 Stewart Ave... à Riethmiller, Earl R. 
Missouri St. Louis, 6339 Marquette Ave... Riddle, Rueton L 
Nebraska York, 1214 Lincoln Ave...... Meyer, Albert, 

New Jersey Allendale, P. O. Box 207. . . Asten, Oliver B. 
Atlantic City, 225 Atlantic Ave, A B-6... Enderle, Jackson J. 
Irvington, 617 Grove St.. Hart, James J. 
Linden, 1104 Wood Ave.. Holetz, Alexander C. 
New York Brooklyn, 54 Wyckoff St. 1 Kirdahy, Emil 
Buffalo, 15 University Ave. Schwing, Russell L. 
Great Neck, 20 Arrandale Ave.. Genner, W. Gordon, Jr. 


Arlington, 68 Marathon St.. 
Boston, P. O. Box 1678... 
Cambridge, 15 Holworthy Hall. . 
Cambridge, 112 Lakeview Ave.. 


Dempsey, John 

Decker, Donuld Philips 
Hunkins, Harold R 
Noyes, Atherton, Jr. 


Cambridge, Harvard University, Holworthy 16.Packard, Alden ¢. 


Cambridge, 15 Holworthy Hall.. 
Medford, 21 Frederick Ave.. 

N. Wilbraham, Cottage Ave... 
Springfield, 407 St. James Ave.. 
Springfield, 19 Flliott St. 


New York City, 336 East 5th St.. 
New York City, 116 Broad St. 


aylor, John Pratt 
Surette, Dennis C. 
Garvey, Edmond 
Chapman, Alan B. 
Van Doeren, C. A. 


Barnueba, Richard 


.Danz, Hermann 


New York City, 273 West 113th St.. Diaz, Ernest 
New York City, 120 East 30th St.. à Hastings, Gerald M. 
New York City, Elec. Research Products, ine., 

250 W. 57th.. p, W. S., 


New York City, 463 West St., Room 279.. 
New York City, 152 Dyckman [ne 


New York City, Bee! Research Eis lnc., 


250 W. 57th.. 


d ‘Kurtinaitis, Dm V. 


Murphy, E. Edward 
.Padden, Cecil John 


North Carolina 
hio 


Oklahoma 


Pennsylvania 


South Dakota 
West Virginia 
Tennessee 
Texas 
Virginia 
Washington 
Wisconsin 


Canada 


Chaunel Islands 
China 

Denmark 
England 


Germany 


New Zealand 


California 
Colorado 
Illinois 


Kansas 
New York 


Ohio 
Pennsylvania 


England 


Applications for Membership 


New York e. 269 W. 34th St... 
Riverhead, L. 
America.. 
Schenectady, 221 Seward Place. 
Schenectady, 2 Eagle St.. 
Schenectady, 607 Chapel St. .. 
Schenectady, Y.M.C.4. Bldg.. 
Schenectady, 614 Campbell Ave. 
Schenectady, Y.M.C.A., Room 425. 
Norlina, Norlina Hotel... 
Akron, 179 Ido Ave. 
Cleveland, 4124 Bailey Ave. 
Cleveland, 3905 Svoboda Ave. 
Cleveland, 2845 Prospect Ave.. 
T.akewood, 1288 Ramona Ave. 
Marion, 360 Silver Bt.. 
Newphiladelphia, 334 Minnich Ave. 
Salem, 604 McKinley Ave.. 
Warren, 1903 Grove Place... 
Tulsa, Radio Dept.. Skelly Oil Co.. 
Tulsa, c/o Dodge Electric Co., 318 So. Boulder. 
Allentown, 959 Turner St... 
Boyertown, 36 North Reading Ave.. 
Philadelphia, 4916 Chestnut St.. 
Wayne, 225 W. Wayne Ave... 
Huron, Box 663 
Kingwood, 134 Price St. 
Saltillow. 
Houston, 403 Studewood . 
Quantico, Post Radio Station, Brown Field 
Seattle, 4055-42nd Ave., S. W.. 
du lac, 284 Dixie St... 
Madison, 1530 Jenifer St....... 
Milwaukee, 672 Grove St.... 
Hamilton, Ont., 339 Wilson St..... 
Hamilton, Ont., 267 Cannon St., E. 
Hamilton, Ont., 65 Garfield Ave S. 
Penticton, B. C.. 
Toronto, Ont., 67 McLean Blvd.. 
Toronto, Ont., 578 Spadina Ave. 
Toronto, Ont., 41 McPherson Ave... 
Toronto 12, Ont., 1331 Avenue Road... 
Toronto, Ont., 578 Spadina Ave.. 
Toronto, Ont., 
Parliament Bidg 
Guernsey, 16 Bordige St. 
Canton, Sun Yatsen University... 
Copenhagen, Vennemindevej 3, 3 Str.. 
Branston, Lincoln. 
Cambridge. Corpus ‘Christi College 
London, Berkeley St., c/o Thomas Cook, Ltd. 


London, W1, Berkeley St., c/o Thomas s Cook, 
IS .. Wijeyeratne, P. de 8. 


Didis o. ri 
Swindon, Wilts, 32 
Whitle 
Road South. ve 
Berlin, Wilmersdorf, Hildegardstr. 13 b 
Heilbronn, Bockingen. A 
Dunedin, 418 Anderson's Bay Road. 


Prospect Hill. . 


For Election to the Junior grade 
Los Angeles, Y.M.C.A., us 2s Hers St. 
Denver, 1237 Elizabeth 
Chicago, 5211 Kimbark ends 
Paw Paw... eis, ." 
Coffeyville, P. O. Box 190. 
Buffalo, 17 William St.. 
Schenectady, Y.M.C.A., State St. 
Lakewood, 12974 Emerson Ave.. 
Philadelphia, Mt. 
Gorgas Lane 
London N 5, 59 Highbury, New Park. 


. c/o Radio Corporation of 


. Smith, P. 


‘Hagen, 
.Frohrieb, Edward F 
. Clement, 

. Crofts, Cecil T. 
‘Bain, J. R 

.Howse, J. 

. Clarkson, Percy W. 

. Freeman, W em 


Ontario Forestry Braneh, 
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Payette, Walter S. 


Henery, R. S. 

Biver, Carl J. 

Frink, Frederick W. 
Lynn, Roland 4. 
McLennan, Miles Ayrault 
Richards, Philip A. 
Tanke, Harold F. 
Schulke, Pong 


Deutsch, E. J. 


. .Pitonak, Joseph C. 


Umbrecht, Stanton 


. Drummond, 
. Ackerman, Francis R. 
. Nolan, John 

, Ludlow, Gilbert H. 


Wason, R. E 

Rand, George L. 

r Swan, Merrill LeRoy 
Keck, Kenneth K. 

. Markle, J. E 


‘Kienzle, D. R. 


Adelberger, Paul J. 


.Griffiths, A. Elmer 
. Michelson, Peter 


Berry, James S. 


. Harold, George 
Beardsley, Franklin 
.Mood, George T. 


Eckert, Walter R. 
Paul A. 


Glassford, J. O. 
Kinnear, Donald R. 
Southam, Sheraton 


Ward, Charles 


.Laker, Edward W. 


.Chu, Chih Teih 
„Svenningsen, Karl 
.Sparrow, A. 


` Landale, S. E. A. 


.Samarasckara, V. R. 


Mustchin, Norman 


Bay, Northumberland, 25 Margen 


.Gow, Charles N. 


: Lock, M. J. 
. .Hertweck, C. 


MoKewen, Jc D, 


Belleville, Logan 


..Foraker, William Nelson 


McCammon, Donald 
Braffet, Danald H. 
Russell, Charles 


A bats m Sam 


Lee, Samuel T., Jr 


. Thompson, J. Kent 
Airy, Thouron Ave. m. 


.Ellinwood, Kenneth M. 
O' Rourke, Sydney P. 


OFFICERS AND BOARD OF DIRECTION, 1928 


(Terms expire January 1, 1929, except as otherwise noted) 


President 
ALFRED N. GOLDSMITH 
Vice-President 
L. E. WHITTEMORE 


Treasurer Secretary Editor 
MELVILLE EASTHAM Jonn M. CLAYTON ALFRED N. GOLDSMITH 
Managers 
ARTHUR BATCHELLER L. F. FULLER R. H. MARRIOTT 
W. G. Capy A. H. GREBE R. A. HEISING 


J. V. L. HOGAN 
(Serving until Jan. 1, 1930) 


(Serving until Jan. 1, 1930) 


J. H. DELLINGER 
(Serving until Jan. 1, 1931) 


R. H. Manson 
(Serving until Jan. 1, 1931) 


Junior Past Presidents 


DoNaLD MceNicor 
RarnPH Bown 


Board of Editors, 1928 


ALFRED N. GorpsurrH, Chairman 


SrUAnT BALLANTINE 
RALPH BATCHER 


WALTER G. CADY 
CARL DREHER 
G. W. PICKARD 


Committees of the Institute of Radio Enginsers, 1928 


Committee on Meetings and Papers 


J. H. DELLINGER, Chairman 
E. F. W. ALEXANDERSON 
Stuart BALLANTINE 
W. R. G. BAKER 

M. C. BATSEL 

R. R. BATCHER 

Zen Bouck 

B. Ray Cummines 
W. G. CADY 

FRANK CONRAD 
CARL DREHER 

E. T. Dickey 
EpcaR FELIX 

W. G. H. FiNcH 

H. A. FREDERICKS 
J. D. R. FREED 
VinaiL M. GRAHAM 
KARL HASSEL 

C. R. Hanna 
Sytvan Harris 
Lewis M. HULL 

S. S. KIRBY 

D. G. LITTLE 


W. H. MURPRY 
E. L. NELSON 

G. W. PICKARD 
R. H. RANGER 
A. Hoyr TAYLOR 
PAUL WEEKS 

W. WILSON 
InviNa WoLFF 
W. C. WHITE 


All chairmen of Meetings and 
Papers Committees of Institute Sec- 
tions ez oficio. 

Committee on Admissions 
R. A. HersıNG, Chairman 
H. F. Dart 
Lewis M. HULL 
Leonard F. FULLER 
H. E. KRANZ 
. H. KROGER 
. G. LEE 
. L. RICHARDSON 
. R. SHUTE 
. K. VREELAND 


"uou 


Committees of the Institute— (Continued) 


Committee on Awards 
J. V. L. Hoaaw, Chairman 
L. W. AUSTIN 
RareH Bown 
WALTER G. CADY 
A. Hoyr TAYLOR 


Committee on Broadcasting 
L. M. HurL, Chairman 
ARTHUR BATCHELLER 
CARL DREHER 
PAUL A. GREENE 
C. W. Horn 
R. H. MARRIOTT 
E. L. NELSON 


Committee on Constitution 
and Laws 
R. H. MARRIOTT, Chairman 
E. N. Curtis 
W. 
H. . HALLRORG 
J. V. L. Hogan 


G. W. PICKARD 
HAROLD ZEAMANS 


Committee on Membership 
H. F. Danr, Chairman 
W. R. G. BAKER 
M. BERGER 
F. R. BRICK 
I. S. COGGESHALL 
H. B. COXHEAD 
C. M. JANSKY 
R. S. KRUSE 
PENDLETON E. LEHDE 
M. E. PACKMAN 
C. L. RICHARDSON 
JOHN STROEBEL 


Committee on Nominations 
J. H. DELLINGER, Chairman 
ARTHUR BATCHELLER 
L. M. HurL 
R. H. MARRIOTT 
Dona.tp McNicorL 


Committee on Publicity 
W. G. H. Finca, Chairman 
H. W. BAUKAT 
Zen Bouck 
C. E. BUTTERFIELD 
Davip CASEM 
OnniN E. DUNLAP 
FRED EnrERT 
Epaar FELIX 
E. H. HANSEN 
A. H. HALLORAN 
L. W. HATRY 
J. F. J. MARER 
Huan S. Pocock 
J. J. RrEGER 
J. G. UZMANN 
Wirus K. WiNG 
R. F. YATES 
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Committee on Institute Sections 
Donap McNicoL, Chairman 
QUINTON ADAMS 
ARTHUR BATCHELLER 
M. BERGER 
W. G. CADY 
B. CHAMBERLAIN 
L. J. DUNN 
F. E. ELDBREDGE 
L. F. FULLER 
H. C. GAWLER 
EARLE D. GLATZEL 
E. I. GREEN 
F. P. GUTHRIE 
L. C. F. HORLE 
W. A. KLEIST 
PENDLETON E. LEHDE 
Jonn R. MARTIN 
Tuomas McDoNoucn 
Joun H. MILLER 
A. M. PATIENCE 
Grorce W. PIERCE 
E. R. SnuTz 
W. K. THOMAS 
J. C. Van HonN 
WALTER VAN NOSTRAND 


Committee on Standardization 


L. E. WHITTEMORE, Chairman 
M. C. BATSEL 
EDWARD BENNETT 
WiLLIAM R. BLAIR 
E. L. CHAFFEE 

J. H. DELLINGER 
E. T. DickEv 

C. P. Epwarps 
GENERAL FERRIE 
A. N. GOLDSMITH 
J. V. L. HOGAN 

W. E. HOLLAND 

L. M. HULL 

C. M. JANSKY 

C. B. JOLLIFFE 

F. A. KOLSTER 

R. S. KRUSE 
GEORGE Lewis 
ELmore B. LYFORD 
R. H. MANSON 
ALEXANDER MEISSNER 
Gino MONTEFINALE 
E. L. NELSON 

H. S. OSBORNE 
HARADEN PRATT 
H. B. RICHMOND 
W. J. RUBLE 

Cant E. ScHoLz 

H. M. TURNER 

K. B. WARNER 

A. D. G. West 
HipETsUGU YAGI 
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A DIRECT READING RADIO-FREQUENCY METER* 


Bv 
R. C. Hrrcgcock 


(Research Laboratory, Westinghouse Emu. mme Manufacturing Company, East Pittsburgh, 
enna. 


Summary—The method used is the well known one of reading a radio 
frequency by measuring the beat note produced with a calibrated crystal 
oscillator. 

A new type of direct reading audio-frequency meter having a scale of 
2.0 to 4.5 kc per second makes the device automatic. 

The meter scale divisions are 0.1 kc apart, and under reasonable condi- 
lions, the accuracy of the reading is of this order. 


HERE are two classes of meters which are usually used 
Te measure radio frequencies. The first is the tuned cir- 

cuit absorption type. With this type the radio source 
must be coupled closely enough to supply the necessary energy 
to the meter. The first wavemeters of this type used a single 
variable condenser shunted by a single coil and some kind of 
resonance indicating device. Well made tuned circuit meters 
are reliable to about 2.5 ke per second in the present broadcast 
band. 

The Bureau of Standards Frequency Meter Type B was the 
next step in the absorption type of meter, the range being 
narrowed with a corresponding increase in precision by shunting 
a small variable condenser across a large main fixed condenser. 
T'wo series coils were used, the smaller one being unwound dur- 
ing calibration, so that the wave to be measured came at the mid 
point of the small variable condenser. 

Recently a still more precise narrow range frequency meter 
has been placed on the market. This meter has been designed 
to cover 0.3 per cent of a radio station's frequency with the use 
of a single control. At 1500 ke per second this means that the 
whole range of the meter is 4.5 kc per second. The manufacturer 
specifies 10 scale divisions per kc, and guarantees for six months 
a precision of 500 cycles per second when the instrument is kept 
within + 5 deg. F of the calibration temperaturegiven on the chart. 
If à more accurate meter of this type is desired, the whole unit 
might be calibrated in a temperature-controlled oil bath. Stand- 

* Dewey decimal classification: R210. Original manuscript received 


by the Institute, October 16, 1928. ; 
! Frequency meter, type 532, General Radio Co. 
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ard oscillator crystals are usually temperature-controlled, and a 
standard tuned circuit would be more accurate if temperature 
control were employed. An ingenious resonance indicating device 
makes the instrument much more sensitive than previous meters 
of the absorption type. 


OSCILLATOR AS A FREQUENCY METER 


The second type of frequency meter is a calibrated oscillator. 
The beat note between the oscillator and the desired source is 
measured and applied to the known value of the oscillator ire- 
quency. This type of meter has the advantage that it can be 
operated some distance from the radio source to be measured, 


Crystal 
Oscitlator 


Freque ney Meter 


Audio Amplifier 
£ (F,-F,) 


Crystal ABC 
Heater and Power Unit 
Thermostat 


Fig. 1—Schematic Diagram. 


By using suitable audio amplification, several miles may separate 
the radio source and the standard measuring oscillator. It is the 
purpose of this paper to describe a meter of this second type, 
which can give a radio frequency directly on a meter scale. 

It is realized that the general scheme of using a beat method 
of calibrating one frequency from another is a standard one, and 
that harmonics of a standard oscillator are also widely used for 
calibration purposes. However, as the use of an indicsting 
audio-frequency meter has received little attention, the circuit 
and various details will be given here. 


STANDARD CRYSTAL OSCILLATOR 


This meter being a beat frequency indicating device, it is 
essential that an accurately calibrated crystal oscillator unit be 
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employed. Such units have been described? and will not be 
discussed here. In the schematic drawing of Fig. 1 the crystal 
oscillator unit generates the radio frequency Fz. The source of 
radio frequency to be measured F, is loosely coupled to Fz and 
the beat frequency 

f» t(-F) (1) 


is passed on to the audio amplifier from a detector circuit which 
is tightly coupled to the crystal oscillator. This beat frequency 


F | Frequency Meter 
s | 


[rc T 


| gesret tran i. ==] — — "M JA 
Fig. 2— Wiring Diagram. 


after being amplified is fed to the indicating audio-frequency 
meter. This meter can be calibrated either in terms of the audio 
frequency of the beat (Fig. 3), in which case the meter reading ls 
applied to the calibrated crystal frequency to determine the 
frequency of the source; or the scale can be calibrated directly 
in radio frequency (Fig. 4), having the same kilocycle range as 
the audio frequency. 

The special audio-frequeney meter which made this device 


2 Crossley, Proc. I.R.E., 15, 9; January, 1927. Worrall and Owens, 
Pnoc. I.R.E., 16, 778; June, 1928. 
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possible? has a useful scale range of 2.0 to 4.5 ke per second 
spread over an arc of 90 deg. This meter is of the tuned circuit 
type, its impedance being three times as great at the center of 
the scale as at the ends. To minimize this effect on the rest of 
the audio circuit, a 2:1 stepdown transformer is placed between 
the UX-250 tube and the meter. The complete wiring diagram 
is given in Fig. 2. The voltage amplifiers are UX-226 tubes, and 
the crystal oscillator also uses a UX-226 tube. Across the fre- 
quency meter are placed two UX-874 voltage regulator tubes 
to improve regulation, as will be mentioned later. 


Fig. 3 


VOLTAGE REGULATION AT THE METER 


The reading of the audio-frequency meter is dependent to 
some degree on the voltage supplied. Fig. 6 gives the characteris- 
tic curve of the meter when the applied voltage is kept at 60 
volts. Where the slope is least, in the middle of the scale, the 
readings will be most accurate. The arbitrary scale plotted as 
the abscissa is à uniform one which was spaced along the arc 
of the meter scale for experimental purposes. Due to the low 
impedance at the ends of the scale it was not possible, without 
building another special amplifier, to maintain the voltage above 
60 throughout the whole range. Hence this curve of Fig. 6 at 
60 volts was taken as a basis of comparison to show the effecis of 
changing voltage. Fig. 7 gives the deviation in cycles per second 
from the values of Fig. 6 for 70, 80, and 90 volts applied to the 


3 Designed by Mr. B. E. Lenehan, Supply Eng., W. E. and M. Co., 
Newark, N. J. 


28 Hitchcock: Radio-Frequency Meter 


meter. It will be noted that the maximum deviation is less 
than 200 cycles per second with voltages from 60 to 80. The use 
of two UX-874 tubes in parallel across the meter was found to 
keep the voltage to 68 -- 5 volts, therefore the variations due to 
voltage, over the range 2.0 ke to 4.0 ke are of the order of +50 


a l 
KILOCY ES 
PER SEGOND 


Fig. 4 


cycles per second.* Closer regulation of voltage is hardly justi- 
fiable in view of the other factors affecting the frequency; the 
erystal temperature, oscillator tuning and variations in coupling 
to the source. A more nearly constant voltage for precision work 
could be obtained by using a manually controlled resistor across 
the meter. Such a resistor was the first scheme used to keep the 


‘The meter indication changes slightly with room temperature 
variations. 
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applied meter voltage nearly constant. The resistor knob is shown 
inthe upper right of Fig. 4. The alternating voltage across the 
meter can be read by a calibrated milliammeter in the plate 
circuit of a UX-112A tube. The connection is given in Fig. 2. 
After inserting the two UX-874 regulator tubes, the manual 


Fig. 5 


resistor was seldom used except for fine adjustments. For this 
reason it was not included in Fig. 2. 

It is not necessary that the fundamental frequencies of the 
Standard and the source to be measured should be within an 
audio frequency of each other, as beats may be obtained between 
harmonics. For instance, a 50 ke per second standard crystal 
can be used to read station frequencies close to 50n ke per seeond 
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where n is an integer between 11 and 30 for stations in the broad- 
cast band of 550 to 1500 ke per second. To do this, f, the beat 
frequency, should be within the range of the frequency meter, 
the relation between F;, f, and the 50 ke standard being given 
by (2) 

f=+(Fi—50n) (2) 


The proper harmonic of the standard will beat with the station 
frequency and the reading will appear on the meter scale, which 
can be translated directly to a radio-frequency value. If a 
high harmonic is used, sufficient amplification should be provided 
to supply the meter with the required voltage. 

In measuring a properly designed crystal-controlled radio- 
frequeney source with this frequency meter it is quite unlikely 
that the change should ever be more than a fraction of a kilo- 
cycle, which would be indicated by the meter. But if a tuned 
circuit master oscillator is being measured it is just possible that 
its frequency might change by such an amount that the audio 
beat would be the same as when the radio frequency was at its 
correct value. In this case, the frequency meter would indicate 
the proper beat, but on the other side of the standard crystal 
oscillator. 

To illustrate, suppose the frequency of the checking crystal 
to be 947 ke in order to check a radio station at 950 ke, the fre- 
quency assigned to KDKA in June 15, 1927. The frequency 
meter would also read this beat, 3 ke, if the station frequency 
were 944 ke, which would be 6 ke from the assigned value. This 
double value is indicated by the plus or minus signs of (1) and 
(2). To eliminate this ambiguity two crystal standards can be 
used; to check a 950 ke station, crystals of 947 and 953 ke per 
second would serve. Then for the case cited, the second crystal 
standard would not give its check at its regular place of 3 ke, 
when the low frequency of 944 ke was impressed, but would 
tend to show 9 ke, and although this value is off scale for the 
frequency meter, the operator can tell by the action of the milli- 
ammeter that either a low or a high frequency is being measured. 
That is, the impedance of the meter being low at both ends, the 
low milliammeter reading would mean a low impressed voltage 
on the meter, and in turn would indicate a frequency not on 
the scale of the meter. Another way of eliminating the ambiguity 
of the double sign would be to use two crystal standards on the 
same side of the measured frequency, for instance 947 kc and 
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948 ke. Then for a 950 ke station the correct reading would be 
3 ke for the first, and 2 ke for the second. ‘Should the source 
change its frequency to 944 ke, the first standard would indicate 
its usual 3 ke, but the second would now show 4 ke definitely 
locating the value of radio frequency at 944 ke. The two crystals 
used in the meter are shown in Fig. 6 mounted in the copper- 
glass tubes. described by the author in an earlier paper. A large 
copper block serves to conduct heat from the thermostatically 
controlled chamber in the center. The wiring details are in- 
corporated in Fig. 2 at the lower left. The main heater is left 
on all the time, while the auxiliary one is turned on and off by a 
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Arbitrary scole divisions on frequency meter 
Fig. 6 


contact making thermometer and suitable 110-volt relay. The 
switch lever and two points for selecting either of the two 
standard crystal oscillators are shown in Fig. 4 at the lower 
right. 

When the meter is being used to read a radio station frequency 
while a program is being broadeast, the crystal detector supplies 
the program, as well as the beat frequency, to the audio amplifier. 
If the program consists of a man speaking at a frequency of a 
few hundred cycles per second and the beat is, say 4 ke per second, 
the frequency meter will momentarily take up a position between 
these two values. The higher frequency of a woman’s voice will 
not change the reading so much. However, there are always 


* R. C. Hitchcock, Proc. I.R.E., 15, 902; November, 1927. 
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momentary pauses in a program when the beat frequency will 
be the predominant one, and the meter can always be read with a 
precision better than one scale division. 

If only a high-frequency beat is to be used, a high pass 
filter has been used to cut out the lower voice frequencies satis- 
faetorily. This limits the use of the meter to its high end, but 
reduces the variations of the pointer when indicating the beat. 

In the original setup of this frequency meter, KDKA is meas- 
ured whenever it is on the air, a relay being automatically 
operated by the energy collected by a tuned antenna circuit. 
The meter as ordinarily balanced has an equilibrium position 
at about the center of the scale. This was not desired when the 
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Arbitrary scole divisions on Frequency meter 
Fig. 7 


scale was calibrated in radio frequency, as it intimated that the 
station was on the air at all times, and indicated a fictitious fre- 
quency whenever the station was not being operated. To make 
the meter pointer move to the extreme left, a back contact was 
added to the relay operating the amplifier, so that when the 
station went off the air, the relay opened the power circuit to the 
amplifier and connected the 110-volt 60-cycle supply through a 
2 uf condenser across the frequency meter. This drew the meter 
pointer off scale to the left whenever the station was not on the 
air. 

To make the meter available for other purposes than station 
frequency checking, a jack has been placed as shown in the 
wiring scheme of Fig. 2 and photograph of Fig. 4 so that audio 
energy within the range of the meter may have its frequency 
measured, and the crystal oscillator automatically disconnected 
by inserting a plug. 
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WARNING DEVICES FOR FREQUENCY CHANGES 

As this meter is probably accurate to better than 200 cycles 
per second under adverse conditions, and as the Federal Radio 
Commission specifies a maximum deviation of 500 cycles per 
second from an assigned broadcast frequency, it is possible to 
devise warning instruments which will operate when the pointer 
of the frequency meter touches light contact members placed 
16 


peres 


Galvonometer deflection — milliam 


0 38 40 42 44 46 48 50 52 54 56 58 
Variable condenser scale 
Fig. 8 
within the allowable limits of frequency deviation. A grid glow 
relay® which operates with a fraction of a microampere would 
serve to operate heavier current relays to sound suitable alarms 
when the frequency changed by a predetermined amount. 
PARALLEL TUNED CIRCUIT 
Another indicating device which could replace the audio- 
frequency meter would be a parallel resonant circuit. This 
circuit would be tuned to the beat frequency f, and a meter 
* D. D. Knowles, Elec. Jour., 176, April, 1928. 


34 Hitchcock: Radio-Frequency Meter 


showing the change in oscillating current used to read frequency 
changes. A typical curve with a peak at 3 ke is shown in Fig. 8. 
A 6-mh coil and variable condenser of 0.05 uf across a fixed one 
of 0.5 uf was used. A loosely coupled pick-up coil, detector, and 
d.c. milliammeter gives the resonance indication without adding 
io the resistance of the resonant circuit. 

By using resistance coupled amplification any beat fre- 
quency could be measured by this scheme, although accuracy 
is greater for lower beat frequencies. A tuned circuit meter 
when used to measure an audio beat is more accurate than 
another tuned cireuit meter with the same sharpness of res- 
onance,’ at radio frequencies, by the ratio of the radio to the 
audio beat frequency. This assumes the use of a good crystal 
oscillator standard for producing the beat frequency. 

An advantage of this latter scheme over the frequency meter 
is that the standard could be chosen several kilocycles away 
from the frequency to be measured, so that the operator could 
be sure that the frequency was either higher or lower than that 
of the standard oscillator. This would permit the measuring of 
several radio frequencies with a single crystal standard by plug- 
ging in suitable tuned audio circuits. This also means that the 
precision would be reduced, as the beat frequency was increased. 


CONCLUSION 

This frequency meter is automatic, requiring no manipula- 
tion of controls to read a radio frequency. Its scale is spread out 
so that the frequency divisions are 0.1 kc apart. By using 
several standard crystals, the meter can read several frequencies 
and their harmonics, with a precision depending in part on the 
calibration of the standard crystal. A final advantage is that 
the meter need not be placed as close to the source as a tuned 
circuit meter. 

Of course the meter described is more complex than a tuned 
circuit meter, but it is felt that a meter of this type would be of 
service to radio stations and laboratories. Simple relay schemes 
can be devised to turn on the meter whenever the radio frequency 
is on, requiring a minimum of attention. 

The writer wishes to express his thanks to Mr. V. E. Trouant 
for his helpful suggestions and for his data on the parallel tuned 
circuit; to Mr. E. B. Landon for his cooperation at KDKA; and 
to Mr. J. C. Batchelor for much of the experimental work con- 
nected with this frequency meter. 

? Circular of the Bureau of Standards, No. 74, Ed. 1918, pp. 36-37. 
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. MEISSNER AND H. ROTHE 
ry of the Telefunken Company, Berlin, Germany) 


tandard of (directional) radiation at 15 meters was 
g of a vertical half-wave antenna placed one-half wave 
ubly excited, placed in front of a reflector consisting of five 
Aly more than one-half wave long on a parabolic surface of 
welength. This was found to give directional character ‘stics 
mazimum of field strength twice that of the simple antenna 
f. 

slic reflector and radating system rotatable about a horizontal 
dicular to the line to the distant station were then constructed near 
he antenna at the focal axis of the paraboloid was one wave long, 
er wavelength from the parabola apex; and the parabolic reflector 
ne wavelength opening and consisted of 9 wires along the paraboloid 

pproximately a half-wave long. 

‘he entire system was rotated while reception audibility measurements 
were made at Buenos Aires, a 2-kw transmitter being employed. The hori- 
zontally aimed system was found most effective. This held for both 15 and 
20 meters. Similar results were obtained for reception on directional antennas. 
The conclusion is drawn that horizontal short-wave radiation is most desirable. 


N our first experiments with horizontal antennas in August 

and September, 1925,! it was found necessary for the best 

technical utilization of the effect of horizontal antennas to 
concentrate the antenna radiation at the angle most advan- 
tageous to reception. At first we tried to obtain this by combining 
several horizontal antennas in a horizontal plane (the antennas 
were 4/2 apart) with the corresponding surface of reflectors 1/4 
under them. The various antennas had to be excited with a 
definite phase difference between them for adjustment of a 
certain angle of emission. We had no difficulty in setting the 
different phases among the antennas, but we had no phase 
indicator to show just what phase was actually present in each 
antenna. We were, therefore, compelled to return to the simple 
horizontal antenna system and to concentrate radiation by 
means of a parabolic reflector. The first parabolic reflector was 
made of sheet copper for a wavelength of 11 meters. When turn- 


* Dewey decimal classification: R125.6. Original manuscript re- 
ceived by the Institute, June 29, 1928. Translation received July 19, 1928. 
! A. Meissner, ^On Space Radiation," Jahrbuch fuer drahtlose Tele- 
graphie, 30, p. 77; Telefunken-Zeitung, October, 1927. 
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ing the reflector for this wavelength, we found the optimum 
angle at 38 deg. and a second, somewhat less favorable angle at 
80 deg. The reflector could only be depressed to an angle of 
about 35 deg. below the horizontal. We, therefore, set up a fixed 
reflector system, which eould be remodeled easily for radiations 
of 0 deg., 10 deg., 20 deg., and 30 deg., for purposes of comparison 
with the rotatable reflector. The comparison reflector was a 
wire reflector. Tests had in the meantime shown that the sheet 
could be replaced by wires; the wire reflector was even somewhat 
superior to one made of sheet. At the test wavelength of 11 
meters and at angles of radiation of 0 deg., 10 deg., and 20 deg., 
the fixed reflector did not show any definitely noticeable differ- 
ence as compared with the metal reflector at 38 deg. 

The ensuing tests were to determine the optimum radiation 
angle for operating wavelengths; wavelengths above 15 meters. 


TESTS WITH THE 20-METER WAVE 


The existing reflector was then enlarged for the longer wave- 
lengths. At each end another arch was added at a distance of 
5 meters to the three parabolic wooden arches supporting the 
reflector surfaces, so that an antenna two half-waves long and 
oscillating in phase could be built in for a wavelength of 20 
meters. The antenna was hung in the focal line of the reflector 
(5 meters from the apex of the parabola—width of the parabola 
opening: 20 meters). The parabolic surface was formed by 9 
reflector wires (9.60 meters long). Preliminary experiments had 
determined the optimum length of the reflector wires as well as 
the concentration of radiation obtainable with the reflector 
system employed. This was done with a fixed vertical parabolic 
reflector system with an opening 15 meters wide and a focal 
length of about 3.75 meters which corresponded to the horizontal 
rotatable reflector. The tests were made at a wavelength of 
15 meters. The transmitting antenna was vertical, \/2 long, 
with its center \/2 above the earth excited at the lower 
voltage loop by a double line system 4/A long wires 15 em apart. 
One of the energy supply lines ended \/4 over the ground, while 
the antenna, \/2 long, was directly connected to the other line. 
In the investigation of the influence of the number and tuning 
of the reflector wires it was found that for a parabola with an 
opening of À width, five reflector wires suffice and that an increase 
of the number of wires does not improve concentration. When 
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changing the length of the reflector wires one gets a broad maxi- 
mum of field intensity in front of the reflector. The optimum 
value lies at a natural wavelength of the reflector wires approxi- 
mately 5 per cent longer than half the operating wavelength. The 
tests were made at a distance of about 10 wavelengths with the 
aid of a tuned tube receiver. In Fig. 1 the numerical values are 
proportional to the field intensity. We see that the concentration 
is comparatively broad. The field intensity in front of the re- 
flector is practically constant throughout an angle of approxi- 


Fig. 1—Radiation Diagram for the Optimum Adjustment of the Reflector. 
with reflector 
2----- without reflector 


mately 40 deg. At the maximum it is about twice as large as 
the field intensity of the vertical antenna alone, represented by 
the broken line. The dissymmetry of this curve is probably due 
to the nearness of the antenna system. Within six minutes the 
reflector could be turned from 40 deg. above the horizontal in 
the direction of Buenos Aires through 90 deg. to 40 deg. above 
the horizontal in the other, direction, away from the receiver. 
The transmitter was a self-oscillating push-pull vacuum-tube 
transmitter fed with 500-cycle alternating current. The antenna 
was connected through a double line (wires 12 em apart) 30 
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meters long. Standing waves in the line were avoided by means 
of a suitable coupling of the energy supply line to the antenna. 
The power in the antenna was about 2 kw. Buenos Aires measure- 
ments were made by the shunted-telephone audibility meter 
method. The angle tests were made on two days (Nov. 30 and 
Dec. 1, 1927) between 11 4.M. and 12 noon and between 6 P.M. 
and 9 p.m. by means of the" continuous turning of the reflector 
within the above-mentioned angles in the space of six minutes. 
A total of 38 observation values was obtained. The mean of the 
reception results corresponds approximately to the curves of 


Fig. 2—Rotatable Reflector in the Setting for A Radiation Angle of 40 
egrees. 
Fig. 4. The unbroken line represents the tests on the first day, 
the broken line those on the second day. The reception results 
on both days show that the optimum radiation of the rotatable 
reflector takes place at its smallest angle: 40 deg.-50 deg. In 
order to see whether even smaller radiation angles than 40 deg. 
are still better, we again arranged a fixed reflector system along- 
side the rotatable one and exactly similar to it. Within an hour 
it could be easily set at any angle from 0 deg. to 40 deg. The 
fixed reflector was always compared with the optimum setting of 
the rotatable reflector (40 deg.). The first thing we noticed was 
that for the same radiation angle the fixed reflector was always 
superior to the movable one, about in the ratio 1.3 to 1. This was 
perhaps due to the fact that there were losses in the wooden 
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parts of the rotatable reflector system. Probably it is also due 
in part to the cireumstance that the antenna of the fixed system 
was somewhat higher (h=11 meters) than that of the rotatable 
reflector (h =8 meters)? The table gives the values for the fixed 
and rotatable reflectors at various settings of the fixed reflector: 


TABLE I 
Rotatable reflector 40 deg. 1 
Fixed reflector 40 1.3 
* es 30 1.5 
e i 20 2.0 
" 3 10 2.5 
» ~ 0 5.0 


This shows that the radiation angles between 0 deg. and 20 
deg. are superior to the radiation angles of the rotatable reflector 
between 40 deg. and 50 deg. The fact that the angle 0 deg. is 
so particularly favorable is possibly due to the fact that the very 
dispersed radiation of the reflector (see Fig. 1) is concentrated 
more strongly by the reflecting influence of the earth. In general, 
in the emission of horizontally polarized waves the influence of 
the earth on the upward bending of the rays is apt to be very 
great.’ 


TESTS WITH THE 15-METER WAVE 


The reception results with the rotatable reflector at \=15 
meters gave the same results as at the 20-meter wave. The rota- 
tion tests were made on December 16th and 17th, 1927, between 
12 noon and 3 p.m., Central European time. The plotted results 
obtained by turning the reflector were altogether like those with 
the 20-meter wave (Fig. 4). The reception maximum lay at 40 
deg. Here again the rotatable reflector was compared with the 
fixed reflector at the settings 0 deg., 10 deg., and 20 deg. The 
reception values in this comparison were not as definite as with 
the 20-meter wave, because the method of audibility measure- 
ment at the receiving end had been changed and was unreliable. 


2 With a width of the parabola opening equal to the wavelength, the 
fixed horizontal antenna with parabolic reflector could not be hung lower 
than 11 meters, on the other hand the antenna of the rotatable reflector 
could not be arranged higher than 8 meters without considerably increas- 
ing the cost of the system. Comparative tests of reception between a 
simple horizontal antenna hung at a height of 8 m and a similar antenna 
hung at a height of 11 m gave differences smaller than 1:2. When used 
in combination with the reflector, the difference may be estimated to be 
smaller than 1:1.5. 

3 As a result of tests of simple vertical dipoles hanging at various 
heights T. L. Eckersley had assumed as early as 1926 that for vertical 
antennas the horizontal radiation of the transmitter was most advan- 
tageous. (See Jour. I.E.E., 65, 601, 1927.) 
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But the observed values were clear enough to show that reception 
at horizontal emission was at least twice as good as at a radiation 
angle of 40 deg. These conclusions were confirmed by tests with 
the regular operating transmitter AGA (wavelength 15 meters); 
by changing the angle from 40 deg. to 0 deg. the received signal 
intensity increased from 3 to 4 times. "These results have also 
been verified by tests made during the erection of the new 
Telefunken antennas. 

The knowledge thus gained—that the optimum radiation of 
horizontal antennas is most advantageous when radiation is 
approximately parallel to the earth’s surface—proved that we 
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Fig. 3—Rotatable Reflector in the Setting for A Radiation Angle of 90 
Degrees. 


could dispense with the parabolic reflector, as horizontal radia- 
tion ean be achieved more easily with plane antennas and re- 
flectors. Tests with such antennas were made parallel to those 
described above. We shall report on these tests later on. 

We also endeavored to determine the optimum angle of 
incidence of the horizontal component of the received wave 
by means of the above mentioned rotatable reflector, shown in 
Figs. 2 and 3, together with the fixed reflector system built along- 
side it for horizontal radiation. A modern short-wave receiver 
(two stages of r.f. and two stages of a.f. amplification with a 
separate heterodyning oscillator) was connected to the energy 
line of the antenna hanging in the parabola. The tests were 
carried out by Herr A. Gothe. During reception the reflector was 
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turned from 40 deg. to 120 deg. When turning it was found that 
reception remained unchanged in the region from 40 deg. to about 
60 deg. From 60 deg. to 90 deg. and 120 deg., signal intensity 
continuously diminished. Reception with the fixed reflector set 
at 0 deg. was just noticeably better than the reflector at 40 deg. 
(The antenna of the fixed reflector hung at a height of 11 meters 
while that of the rotatable reflector hung at a height of 8 meters.) 
The ratio of signal intensity for the reception angles 0—40 deg. 
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Fig. 4—Signal Strength in Reciprocal Parallel Ohms. Tests on Nov. 30 
and Dec. 1, 1927 


to that for the angle 90 deg. is about 4 to 1. We can thus assume 
that the incoming horizontal radiation affects the antenna system 
at a small angle, i.e., we can use the same antenna arrangements 
for the reception of the horizontal component of the incoming 
wave that were found most suitable for the transmitter. Of 
course the above reception test is only of limited value. The tests 
could be made only during a few hours in the forenoon while the 
large transmitter in Nauen was idle since the rotatable reflector 
is set up on the grounds of the Nauen station. 


Proceedings of the Institute of Radio Engineers 
Volume 17, Number 1 January, 1929 


MAGNETOSTRICTION OSCILLATORS* 


Bx 
GEoncE W. PIERCE 


(Rumford Professor of Physics, Harvard University, Cambridge, Masa.) 


Summary—The present paper describes a newly discovered method 
of using magnetostriction to produce and control etectrical and mechanical 
frequencies of oscillations in a range of frequencies extending from a few 
hundred cycles per second to more than three hundred thousand cycles per 
second. The method involves the interaction of the mechanical vibrations 
of a magnetostrictive rod and the electric oscillations of an electric circuit 
in such a way that the electric currents in the circuit stimulate the rod to 
longitudinal vibration by magnetostriction and the vibrations of the rod react 
by magnetostriction on the electric circuit to maintain constancy of frequency. 

The constancy of frequency obtained compares favorably with that 
obtained with the piezo-electric crystal oscillators. For ease of construction 
and operation the magnetostriction oscillator has a great advantage over the 
piezo-electric oscillator, particularly in that the construction and adjust- 
ment of the magnetostriction vibrators is so simple that large numbers of 
standards of frequencies all operable with the same electrical circuits may be 
had at small expense. 

The magnetostriction oscillators supply à particularly pressing need 
in the range of frequencies below twenty-five thousand cycles per second in 
which range crystal control is impractical on account of the expense of ob- 
taining sufficiently large crystal vibrators. In the range between twenty-five 
thousand cycles per second and three hundred thousand cycles per second 
the magnetostriction oscillators and the crystal oscillators have a common 
field of usefulness. At frequencies greater than three hundred thousand 
cycles per second, the magnetostriction oscillators (although active up to two 
million cycles per second) are feeble with the present arrangement of appara- 
tus. Their harmonics may, however, be employed up to frequencies of several 
millions per second. 

This account contains also methods of calibration of the vibrators and 
their use in the calibration of wavemeters and frequency meters, data on the 
velocity of sound in various metallic alloys, data on the elastic constants of 
metals, including their temperature coefficients, description of methods of 
sound production, and a theoretical investigation of sound propagation in a 
viscous magnetostrictive medium. 


Circuits and Mounting of Magnetostriction Oscillator for 
Controlling Oscillations in a Vacuum-Tube Circuit. As shown 
in Fig. 1, two coils are employed, one, Lı, in the plate circuit 


* Dewey decimal classification: R210. Abstract presented at the 
meeting of the Boston Section, Institute of Radio Engineers, March 16, 
1928; original paper presented to the American Academy of Arts and 
Sciences, Boston, January 11, 1928; reprinted from Proc. Amer. Acad., 
63, 1, 1928 by special arrangement with the Academy. 
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and the other, Le, in the grid circuit of a high-u vacuum tube. 
The magnetostriction rod, R, which we may call the vibrator, 
is placed axially within the coils, and rests centrally on a support 
between the coils, or if desired is held in a clamp at the support. 
In the diagram the right-hand coil is in the plate circuit in series 
with a B-battery. The left-hand coil is in the grid circuit. A 
variable air condenser C is connected between the plate and 
grid, so as to be across both coils. Sometimes the condenser C 
is connected across only one of the coils. 

By means of plugs and sockets the double-coil unit may be 
replaced by others of different inductances. With a given coil 


i eee esl 
am 


Fig. 1—Oscillator Circuit. 


unit many different rods may be used by merely pulling out one 
and putting in another. The rod is free within the coils, which 
may have a clearance as large as the diameter of the rod itself. 
The rod is magnetized permanently by the plate current, or 
by a permanent magnet placed near it. 

A direct-current milliammeter at A serves to indicate the 
plate current, and by its change with change of C to indicate the 
presence of oscillations. 

Reversed Coil Note. One fact is to be noted that for the best 
operation of the apparatus as a constant-frequency device, the 
coils are so wound and oriented that a steady current flowing 
from the filament to the plate and a steady current, if there were 
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one, flowing from the filament to the grid produce magnetic 
fields in the same direction along the axis of the coils. This 
sense of the winding of the coils with respect to each other is 
opposite to that of the familiar electric oscillator circuits; but 
it should be noted that such an arrangement as that here shown, 
with certain values of circuit constants, will oscillate electrically 
without the rod or with the rod restrained. 

Operation of the Magnetostrictive Rod in Rendering the 
System Oscillatory. A system such as is shown in Fig. 1 may be 
entirely non-oscillatory when the rod is restrained from vibration 
by being held or when the condenser C has a value far removed 
from the value required to give the circuit a period near the 
period of vibration of the rod. In such a case when the rod is 
released and the condenser has, or is made to have, the proper 
value, the rod and circuit fall into oscillation with a frequency 
which is essentially the frequency of the rod, and the frequency 
remains practically unchanged even when the condenser is 
varied over a large range or removed altogether. With proper 
choice of the coils the condenser is unnecessary. 

Numerical data as to the constancy of frequency will be 
given below. ; 

The existence of the oscillations is evidenced by the sound 
emitted by the vibrating rod, if its frequency is within the audible 
range; or, whether audible or not, the vibration is evidenced by 
the change of direct-current indication of the plate milliammeter. 
When the rod is allowed to vibrate the plate current changes to 
double or triple the value it has when the rod is restrained. 

Operation of the Magnetostrictive Rod in Stabilizing the 
Frequency of an Electrically Oscillatory System. If we consider 
the circuit of Fig. 1, and especially if we note that the electrical 
feed-back between grid coil and plate coil is the reverse of that 
usually employed in producing electrical oscillations, we may 
understand that with a given choice of condenser, coil-winding, 
and coil-spacing, the system may or may not be electrically 
oscillatory when the magnetostrictive rod is restrained from 
vibration. 

In the preceding paragraph note is made of the action with 
a non-oscillatory electrical system, which is the preferable mode 
of operation of the magnetostrictive system when employed 
with low-frequency vibrations of say five hundred to three 
thousand eycles per second. 
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At higher frequencies ranging from three thousand to three 
hundred thousand cycles per second, it is more convenient, and 
just as reliable, to allow the system to be electrically oscillatory 
even when the rod is restrained, and to employ the magneto- 
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Fig. 2—Illustrating Stabilization of Frequency. 


strictive rod merely to stabilize an already existing frequency 
of the electrical system when the latter is independently adjusted 
to a value near resonance with the period of mechanical vibra- 
tion of the rod. This is done as follows: Any given rod, say one 
of frequency of twenty thousand, is placed in the coils. The 
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plate milliammeter is observed as the condenser C is varied. 
At a certain value of C, the plate current suddenly jumps to 
a large value (from one and one-half to three times its previous 
value). This indicates the incidence of rod-vibrations. The 
condenser may now be adjusted through a considerable range 
with no material change of the electrical or mechanical frequency 
of the system. It may be left oscillatory for days without 
changing frequency although the electrical characteristics may 
undergo large changes in that time. 

General Note on Materials of the Magnetostrictive Rods. 
This research, which has now extended over some years, has 
concerned itself largely with the study of materials for the vibra- 
tors. The qualities required are large magnetostrictive effects 
and ccnstancy of mechanical frequency in spite of changes of 
temperature and of intensity of magnetization, coupled with 
constancy of frequency in spite of changes of condenser settings, 
vacuum-tube characteristics, plate currents, and filament cur- 
rents. 

For these purposes pure iron and irons with various carbon 
contents are relatively useless, as having too small a magneto- 
strictive effect. 

Pure nickel on the other hand is a good vibrator with, how- 
ever, some lack of stabilizing power in that detuning slightly 
affects the frequency. 

Alloys of nickel and iron in certain proportions are good 
vibrators, especially those having about 36 per cent nickel and 
64 per cent iron (that is, of about the constitution of invar and 
Stoic metal). This alloy has, however, a large temperature co- 
efficient of frequency. 

Alloys of chromium, nickel, and iron are good vibrators, 
and for many purposes commerical Nichrome is one of the best 
materials easily available. 

An alloy of nickel and copper known as Monel metal, con- 
taining 68 per cent Ni, 28 per cent Cu, and small percentages of 
Fe, Si, Mn, and C, is a very powerful oscillator. It usually has 
too small a residual magnetism to oscillate without an auxiliary 
polarizing means. 

Alloys of cobalt and iron are strong vibrators. 

Tubes of nickel make good oscillators for qualitative work 
and demonstration purposes and for sources of sound, but are 
somewhat lacking in constancy as frequency-stabilizers. Such 
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tubes of nickel wholly or partly filled with lead or type metal 
permit the easy construction of low-frequency vibrators because 
the velocity of sound in lead is small and gives a low-frequency 
of longitudinal vibration without excessive lengths of the 
rods. 

By using a tube of material that has a negative temperature 
coefficient of frequency (such as nickel), in combination with a 
tight-fitting internal core of metal that has a positive tempera- 
ture coefficient of frequency, (such as stoic metal), I have made 
composite vibrators of frequency practically independent of 
temperature. Other composite vibrators are described below. 

All of the vibrators are made more powerful by annealing. 

Mechanical Vibrations Longitudinal. In most of the appli- 
cations of the magnetostrictive vibrator to the production and 
stabilization of frequency 1 have employed the longitudinal 
vibrations of the rod either in its fundamental mode or some 
harmonic mode of longitudinal vibration. In the designation of 
constants in this paper, unless otherwise stated, reference is to 
the fundamental mode of longitudinal vibration. It is usually 
not worth while to use harmonie modes of vibration of the rods 
since new rods of any desired frequency can be made and cali- 
brated with such ease that the harmonic mechanical vibrations 
are interesting only in studies of the mechanics of the rod itself. 
Investigations of this character are now under way. 

By sending a current lengthwise through the rod so as to 
give a circumferential magnetic field and at the same time ap- 
plying a eurrent to the solenoid, it is theoretically possible to 
produce torsional oscillations in the rod and these may be used 
to stabilize frequencies. I have found evidence of these torsional 
vibrations, but because of the complieation of apparatus in- 
volved, these torsional oscillations are at present left out of the 
account. 

Vibrators Magnetically Polarized. The rods are polarized 
by a steady state of magnetization upon which the oseillatory 
magnetizing forces are superposed, so that the resulting state 
is an increase of magnetization when the oscillatory current is 
in one direction and a decrease of magnetization when the oscilla- 
tory current is in the other direction. These two. states are 
accompanied by an increase (or decrease) of length and a de- 
crease (or increase) of length, respectively. If the rod were not 
thus polarized the change of length would be the same for each 
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half cycle of the current and would result in a mechanical vibra- 
tion of double periodicity. 

The polarization of the rods is usually attained by per- 
manently magnetizing them in advance by a solenoid traversed 
by a strong direct eurrent. With most substances the remanent 
magnetism is sufficiently strong to keep the rods sensitive as 
oscillators through vears of normal use as standards of frequeney 
in spite of any demagnetizing effects of the oscillations. The 
plate current of the tubes also assists in the polarization provided 
the rods, if permanently magnetized, are always inserted with 
their poles in the proper direction, as may be indicated on the 
coil mounting. 

In cases of metals, like Monel metal, which have very small 
residual magnetism, I find that a small horse-shoe permanent 
magnetic placed in the vicinity of the rod is sufficient to give the 
required polarization, even when the small horse-shoe per- 
manent magnet is 15 em from the rod. With large oscillatory 
currents the polarization should be correspondingly large so 
that reversals of magnetization do not occur. 

First Step in Explaining Action of Magnetostrictive Rod. 
Along with the description of the apparatus occasional para- 
graphs are introduced explanatory of the theory of operation, 
with a final mathematical treatment of the system. Magneto- 
striction is the distortion of a body (in this case the lengthening 
or shortening of the rod) when magnetized. A rod of nickel when 
magnetized shortens by about one one-millionth of its length 
for a magnetizing field of one gauss. This is the observed fact 
when the magnetization is produced by a steady magnetizing 
foree. This shortening is thus very small, for the reason that the 
shortening must take place against the enormous elastic force of 
the body. On the other hand, when the specimen is magnetized 
by a force that increases and decreases in an oscillatory manner 
at a period resonant with the period of the body the shortening 
and lengthening may be more than one hundred times as great 
as that obtained with the same magnitude of constant current 
apphed to the specimen. In the resonant oscillatory case the 
contraction and expansion are no longer opposed by the elastic 
force of the body but only by its viscosity. We may call the 
decrease or increase of length under magnetization the direct effect. 

There is also an inverse effect. When a magnetized bar is 
stretched mechanically its state of magnetization is changed. 
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We may now apply these facts to the system of Fig. 1. Any 
small fortuitous change of current through the plate coil Li 
changes the magnetization of the rod and causes it to be deformed 
(lengthened or shortened). This deformation is propagated along 
the rod to its left-hand end and exists temporarily as a deforma- 
tion within the coil Ls. The deformation changes the state of 
magnetization and consequently induces an electromotive force 
in Le. This acts on the grid and produces an amplified current 
change in the plate circuit and in L4. The oscillating currents in 
the system thus build up to a large amplitude with a frequency 
determined by the frequency of longitudinal mechanical vibration 
of the rod. 

Sample Exhibit of Rods. Fig. 14 is from a photograph of 
several rod vibrators. G is a set of Stoic metal vibrators with a 
range of frequencies extending from ten thousand to thirty 
thousand cycles per second at intervals of one thousand 
cycles per second. These are described in Table I. H is a set 
of rods of Niehrome for each thousand cycles extending in range 
from twenty-six thousand to fifty-seven thousand cycles (see 
Table II). F is a rod of Nichrome with a frequency of 117,705 
cycles per second. D shows a nickel tube filled with type metal. 
On account of the low velocity of sound in the type metal the 
specimen has a frequency of two thousand cycles per second, 
while a solid nickel rod or a nickel tube of the same length would 
have a frequency of nearly four thousand. E is a part of a 
similar tube, which is 94.35 em long, and is filled with lead. 
It has a frequency of one thousand cycles per second, which can 
be adjusted over a range of some seven cycles by clamp weights 
that may be moved nearer together or farther apart to get a 
higher or lower frequency. By using these movable weights 
this rod or a harmonic of it can be brought to beat zero with 
other standards. C is a solid oscillator of stainless steel (about 
11 per cent chromium). It has a frequency of 23,640 cycles per 
second, and is here shown to call attention to the fact that 
rods of large diameters do not fail to vibrate even at high fre- 
quencies. In fact the specimen A is a thin disc between corks 
in à glass tube and while 1.5 em in diameter is only about 2 
mm long and has a period of about a million and a half cycles 
per second. It is, however, a very feeble oscillator and evidences 
its oscillations only by transient clicks heard in a telephone in 
the plate circuit as the tuning condenser passes through res- 
onance. 
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At B is shown a Nichrome oscillator of frequency 102,000 
cycles per second in a sealed glass tube in vacuo, in which it is 
loose. In the picture, gravitation has pulled the oscillator to the 
lower end of the inclined glass tube. In operation the glass tube is 
placed axially in a horizontal position in the coils of the oscilla- 
tor, and the rod is then centrally supported within the glass 
tube and within the coils. The mounting in a sealed glass tube 
has the advantage of permanence and avoids heating of the rod 
by the body temperature when it is handled. The absence of 
air or gas in the tube prevents the production of stationary sound 
waves in the tube, which might slightly affect the period of the 
rod, but this effect is very small. 


TABLE I 
LENGTH AND FREQUENCY OF Stoic Meta Rops AT 20 Dec.C. Diamerer 0.79 cu. 


Specimen Frequency Length Length in M 

No. Cycles per sec. Cm X Frequenoy 
10 10001 20.815 2081.7 
11 11005 18.91 2081.0 
12 11985 17.36 2080.6 
13 12990 16.01 2079.7 
14 14000 14.85 2079.4 
15 14981 13.87 2077.8 
16 16009 13.00 2081.2 
17 17006 12.24 2081.5 
18 18015 11.55 2080.7 
19 19013 10.94 2080.0 
20 20003 10.40 .3 
21 21007 9.90 2079.7 
22 22008 9.44 2077.5 
23 22070 9.035 2075.2 
24 24009 8.65 2076.8 
25 24992 8.33 2081.8 
26 25979 8.01 2080.9 
27 26981 7.70 2077.5 
28 27966 7.44 2080.5 
20 29000 7.17 2079.2 
30 29981 6.93 2077.7 

Average 2079.6 12 


94i 7 2X Length X Frequency =4160 +2 meters per sec. at 20 deg. C. 


A great variety of rod sizes are in use in various researches 
now under way at this laboratory. 

Lengths and Frequencies of Rods. Table I contains data 
obtained with a set of Stoic metal rods. These are the rods 
shown at G in the photograph. The frequency values given in 
the second column are accurate to 1/100 of 1 per cent. The 
lengths are not accurately known because the ends of the rods 
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are not accurately true. The errors in the measurements of these 
lengths are of the order of 0.1 mm which amounts to more than 
1/10 of 1 per cent for the shorter rods. 

It is seen that the length of the rods times their frequencies 
gives a constant to the degree of precision to which the lengths 
are measured. This constant, when doubled, gives the velocity 
of sound in the metal, which is 


V stoic = 4160 -- 2 m per sec. at 20 deg. C. 


All of these rods have roughly the same diameter, and the 
fact that there is no progressive change in the values of the last 
column indicates that there is no appreciable end-correction for 
the velocity determination. 

The importance of this result for the present purpose is that 
& whole series of vibrators can be precomputed as to length 
with sufficient accuracy to make their final adjustment to re- 
quired frequency very simple. A rod can be predetermined and 
cut in a lathe to 0.01 cm so that the final frequency adjustment 
to a standard value requires very little grinding. The end is 
ground off to raise the frequency. If too much is ground off at 
the end, it can be corrected by grinding away a little from the 
girth near the center of the rod. 

Table II contains a similar set of observations of frequency 
for different lengths of Nichrome. Velocities for a large number 
of alloys are given below. 

Experimental Data Illustrating the Manner in Which the Mag- 
netostrictive Rod Functions in Controlling Frequency. Illustra- 
tive of the action of the rod as a frequency-controlling element 
the experimental curves of Fig. 2 are given. These are from 
observations taken with a rod (No. 17) of Nichrome in the coils 
and circuit of Fig. 1. In the lower part of Fig. 2 electric 
wavelengths \, read on a precision wavemeter, are plotted 
against condenser divisions of the condenser C of Fig. 1. Readings 
were taken first with the rod restrained by holding it with the 
hand. A plot of À versus C for the rod thus restrained isthe 
curve ABCDE of Fig. 2. 

Next readings were taken with the rod free, starting with 
small values of the condenser C. These readings plotted give the 
curve ABCD'E, with a constant à along the element D’ of the 
path. 

As a third operation, with the rod free the condenser was 
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started at large values of condenser and gave the curve EDB’A, 
with constant à along the element B’ of the path. 

As a fourth operation it is noted that when we have once 
got the rod vibrating by either of the above operations we 
can pass back and forth along the whole of B’ and D’ (i.e. from 
18 divisions to 30 divisions of the condenser) and the wavelength 
remains essentially constant. 


TABLE IL 

Lenetu AND Frequency or NicunowE Rops at 23 Dea.C. DIAMETER 0.96 cw. 

Specimen Frequency Length Length in M 

No. Cycles per sec. | Cm X Frequency 
26 25999 9.58 2490.7 
27 27000 9.21 2484.0 
28 28000 8.87 2486.4 
20 29005 8.56 2482.8 
30 29992 8.27 2480.3 
31 31005 8.02 2486.6 
32 32011 ZU 2487.2 
33 33006 7.55 2491.9 
34 34011 7.32 2489.6 
35 35002 7.13 2495.6 

36 36002 6.88 (2476.9)* 

37 37004 6.73 2490.3 
38 38004 6.55 2480.2 
39 39005 6.38 2488.5 
40 40004 6.23 2492.2 
41 41007 6.06 2485.0 
42 42000 5.93 2490.6 
43 43005 5.79 2490.0 
44 44009 5.66 2490.9 
45 45008 5.53 2488.9 
46 46004 5.42 2493.4 
47 47009 5.30 2491.4 
48 48011 5.20 2496.5 
49 49008 5.09 2494.5 
50 49996 4.99 2494.8 
51 51040 4.87 2485.6 
52 5: 4.78 2485.6 
53 53062 4.69 2488.6 
54 54027 4.61 2490.6 
55 55014 4.53 2492.1 
56 56042 4.45 2493.9 
57 57015 4.37 2491.5 
Average | 2490.3 


1 


UN ichrome = 4081 m per sec. at 23 deg. C. 

*Inconsistent on account of grinding at girth for adjustment. 

The wavemeter measurements are not sensitive enough to 
detect any change of frequency along this path B'D'. To measure 
this quantity resort was had to beats between the oscillating 
system with rod No. 17 under investigation and a second oscilla- 
tor with magnetostriction-rod control. Since the total change of 
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No. 17 was of the order of one cycle per second in seventeen thou- 
sand, the second oscillator, known as No. 117.7, was chosen to 
have a frequency about seven times that of No. 17, and beats 
were observed between the seventh harmonic of No. 17 and the 
fundamental of No. 117.7. This means that one cycle per second 
change in No. 17 gives seven cycles per second change in the beat 
note, which can be measured to about one cycle per second. 

With this device the actual frequencies of the system stabi- 
lized by rod No. 17 against condenser settings are plotted as 
the top curve of Fig. 2. This curve shows that a change of the 
condenser from 19 to 30 divisions changes the frequency of the 
system by only 1.5 parts in seventeen thousand. This effect is 
discussed further in the next section. 

In this experiment I have changed the condenser through a 
wide range of values, so as to make the change of frequency as 
much as possible, but when used as a constant frequency appara- 
tus the condenser is brought always to the value which makes 
the plate current a maximum so that repeated settings of the 
apparatus may be made with a much higher degree of precision 
than the 1.5 cycles in seventeen thousand cycles per second. 

Let us look next at the middle curves of this Fig. 2, which ex- 
hibits the plot of plate current against condenser settings, when 
the rod is free to vibrate. The arrows indicate the sense of a 
change given to the condenser of the oscillator circuit. When the 
condenser, on being increased, reaches 24.5 divisions the rod 
begins to vibrate and the plate direct current jumps from two 
to four milliamperes, and remains about the same for further 
increases of the condenser up to 30.1 divisions when the rod 
ceases to vibrate. Now a reduction of the condenser leaves the 
plate current two milliamperes till C —25 divisions is reached 
when the plate current jumps again to four milliamperes and then 
gradually decreases as the condenser is changed further dawn to 
eighteen divisions, when the rod is found to have again ceased 
to vibrate. In fact with this particular set of apparatus constants 
the system ceases also to vibrate electrically at C equal to or less 
than eighteen divisions. This accounts for the smooth fall of 
plate current to its constant two-milliampere value. With more 
clearance in the coil between the rod and the coil or with other 
electrical or mechanical constants we may get an abrupt change 
of plate current at the left-hand part of the curves as well as at 
the right-hand part. With less clearance, or by putting a separate 
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condenser about each of the coils of Fig. 1, the apparatus can 
be so constructed that all oscillations cease whenever the rod 
is restrained from vibrating. 

The Apparent Reactance of the Coil Containing the Tuned 
Magnetostriction Rod a Function of the Frequency. A crude 
view of the above result is that in the range of frequency-stabili- 
zation the system oscillates as a condenser-inductance circuit 


17012 17013 17014 
FREQuENCY 


Fig. 3—L, =Inductance Free; L; =Inductance Damped; Plotted Against 
Frequency. 


with an inductance that varies enormously with a small change 
of frequency. If we regard the wavelength-condenser curves 
of the lower part of Fig. 2 as having the equation 


Aa —2rTeV/L4(C +C.) for the damped curve 
and 
^, —21cN/ L,(C+C,) for the free curve 


we obtain 


The values of this ratio are plotted against frequency in the 
curve of Fig. 3, from which it appears that the inductance of the 
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coil and free rod, in the range of its stabilization frequencies, 
changes by about 50 per cent for a frequency of 1.5 in 17013; 
that is, for a frequency change of less than 1/100 of 1 per cent. 

Though the correct understanding of the device requires 
mathematical discussion, such as is given below, we may here 
regard the constancy of frequency, with large variation of con- 
denser, as due to the faet that an increase of C makes the fre- 
quency lower. This is accompanied by a shift of L along the curve 
of Fig. 3 to a smaller value so that the product of LXC, and con- 
sequently the frequency, is almost the same as before the increase 
of C and, in fact, with this particular magnetostrictive material 
(Nichrome) the frequency changes only 1/100 of 1 per cent for 
a change of 50 per cent in the value of C. The potency of the rod 
in controlling the frequency is seen by noting that if we omit 
the rod or restrain it from vibrating this change of 50 per cent 
in C causes 25 per cent change in frequency instead of the 1/100 
of 1 per cent with the rod present and free. 

Frequency Essentially Independent of Vacuum-Tube Volt- 
ages and Characteristics. I have made numerous experiments 
that show that the very large change of plate voltage frem 135 
volts to 67 volts changes the frequency of oscillation of the mag- 
netostriction controlled system by only about one in thirty 
thousand. Voltage change of the filament battery from a condi- 
tion of practically zero emission to the point of destruction of the 
filament or a change of the inductance of driving coils over the 
whole range of oscillatory operativeness or a change of the tubes 
to tubes of widely different characteristies affects the frequency 
within about the same limits. 

These various notes as to constancy apply to annealed Ni- 
chrome rods. Some of the other materials and particularly certain 
tubular vibrators are not quite so constant in these particulars, 
but are still very serviceable when less precision is required. 

Temperature Coefficient of the Nichrome Vibrators. The 
temperature coefficient of the frequency of the Nichrome vibra- 


tor is 
à 0.000107/deg. C 
—--—0. eg. C. 
AÓ E 


where f — frequency, Af=increase of frequency for a change of 
temperature of A0 degrees Centigrade. This equation means that 
the frequency decreases about 1/93 of 1 per cent per degree Centi- 
grade. 
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The temperature coefficient of other materials is given in a 
later section. 

Comparison of Constancy with That of the Piezo-Electric 
Crystal Vibrators. For the purpose of comparison of the magneto- 
striction oscillators with the piezo-electric crystal method of fre- 
quency control to which I have contributed in previous researches 
I have made extreme tests on some of my best piezo-electric 
crystal frequency standards. One is a crystal, No. 28, mounted 
in vacuo in an accurately designed and carefully machined holder. 
When operated under constant conditions its absolute frequency 
has been repeatedly measured and shows variations below 1/500 
of 1 per cent. However, care must be taken to keep the circuits 
constant with this crystal oscillator as the data of Table III 
show. 


TABLE III 
Prezo-E.ectric CRYSTAL OSCILLATOR 


Conditions | 
= . zl Frequenoy 
| 
Tube Plate Volts | 
199 45 28072 
Daven 20 67 | 28064 
Daven 20 112 | 28061 
Daven 20 135 28058 
201A 90 28056 
201A | 112 28054 


201A | 135 28052 
| 


It is seen that extreine variations of tubes and plate voltage 
changes the frequency of this crystal oscillator by 7/100 of 1 
per cent. 

This crystal also changes frequency to about the same extent 
with change of the inductance and distributed capacity of the 
plate coil. Table III compared with previous sections of this 
account shows that for equally violent change of the circuits, 
tubes, and voltages with the piezo-crystal oscillator and the 
magnetostrietion oscillator the magnetostriction oscillator is 
much more constant as to frequency than is the piezo-crystal 
oscillator. 

It should be noted, however, that in the matter of tempera- 
ture coefficient of frequency the particular Nichrome magneto- 
striction oscillator with 1/93 of 1 per cent per degree Centigrade 
is more subject to temperature changes than the piezo-electric 
oscillators with 1/200 to 1/1000 of 1 per cent per degree Centi- 
grade. 
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Below I give, however, descriptions of other magnetostric- 
tive materials with temperature coefficients of about the same 
order as that of the piezo-electric crystal oscillators. The tem- 
perature effect in no case is permanent and the frequency comes 
back to its calibrated value when the temperature returns to 
normal for the calibration. A knowledge of the temperature per- 
mits the application of a correction to the rated calibration. 

Magnetostriction Oscillator with Universal One-Stage Am- 
plification. In order to increase the output power one or more 
stages of amplification may be employed. Fig. 4 shows a very 
simple and useful arrangement for a system to be operated at 
frequencies extending all over the audio- and radio-frequency 
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Fig. 4—Magnetostriction Oscillator with One-Stage Amplification. 
C; =0.1 af; C; =2 uf; leak =0.05 megohms; A = milliammeters. 


ranges. The oscillator tube shown at the left has the connections 
of Fig. 1. The grid of the amplifier tube at the right is connected 
through a condenser C, to the plate of the oscillator tube, and is 
provided with a leak resistance. The plate circuit of the amplifier 
tube contains a “speaker filter” unit consisting of an audio choke 
which is in series with the B-Battery and which communicates 
with the output terminals through a condenser C; of two micro- 
farads. 

The constants given in the legend to Fig. 4 are so chosen that 
the amplifier operates with considerable efficiency at both radio 
and audio frequency. In the latter case a loudspeaker connected 
to the output terminals gives volume enough to be heard through- 
out a large lecture room. This is the case also with radio oscilla- 
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tions upon which are superposed other radio oscillations to pro- 
duce audio-frequency beats. 

A commercial apparatus of this character made for me by 
the General Radio Company of Cambridge is shown in Fig. 15, 
and at the left in Fig 16. The coil units, containing rods, on top 
of the boxes are plugged into jacks and can be removed and 
interchanged. The upper cover of the box opens. 

Twin Magpetostriction Oscillator. For calibration purposes 
we need two oscillators like that of Fig. 4, one of which is main- 
tained constant by a standard magnetostriction rod, and the 
other of which is at a frequency to be compared with the rod. 
The two oscillators are then caused to interact and their beat 
frequency is determined or reduced to zero. After much experi- 
menting I find that the best way to get the interaction is to con- 
nect their output terminals together through a small condenser 
arid then to plug the telephone or other indicator in at one or 
the other of the output terminals. If the rod is left out of one 
of the coil units that half of the twin oscillator may be used 
as an ordinary variable electric oscillator. 

I have found so much use for this arrangement that I have 
had both of these oscillators with common B-batteries and com- 
mon A-battery terminals mounted in a single apparatus shown 
as the middle unit of Fig. 16. 

The “speaker filters” of the two output circuits are connected 
with a switch so that if desired, either or both may be cut out 
and the B-battery and plate of the amplifiers be connected 
directly to the output terminals. This is useful in running a syn- 
chronous-motor clock, which requires a polarizing current, as 
the output apparatus. Such a clock made also by the General 
Radio Company from their own designs and kindly put at my 
disposal is shown in Fig. 15, and was used in timing some of the 
low-frequency rods (at about 1000). 

Absolute Frequency Calibration by Magnetostriction Oscilla- 
tors and the General Radio Synchronous-Motor Clock. Use 
is made of the adjustable magnetostriction rod of about 1000 
cycles per second, which is shown in Fig. 15 mounted on top of 
the box containing the electric oscillator circuits and the one- 
stage universal amplifier. Used with the “speaker filter” cut out 
this drives the motor clock synchronously with the oscillations 
of the rod. The amplifier tube is a UX171, operating on 130 
volts in the plate. 
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The synchronous clock has been provided with circuit-mak- 
ing contacts that close for a very short time each second of the 
clock. 

For a standard of time with which to compare this motor clock 
Professor Stetson, of the Harvard Students’ Astronomical Labora- 
tory, has kindly permitted me to lead wires from his standard 
Riefler clock, which beats siderial seconds with an errer not 
greater than two-tenths of a second per week. All relay contact- 
ing members are obviated in this circuit by the device of placing 
an inductance coil near the field coil of his relay, so that the local 


1000 ^» 


Osc. No.1 


102000 ~ 


Osc.No.2 
Fig. 5— Circuits for Absolute Calibration of Frequency. 


current from the time wheel of the clock through his relay field 
acts inductively on my circuit and supplies second impulses 
without the inconstancy of any contact other than that of the 
time wheel of the clock. These second impulses arriving at this 
laboratory are amplified by a one-stage amplifier, to the output 
of which is connected a loudspeaker through the contacting 
points of the motor driven clock. When the standard Riefler 
clock and the motor clock make contacts at the same time the 
ticks are heard in the loudspeaker. By reading the motor clock 
for several successive coincidences accurate timing is obtained of 
the motor clock and of the magnetostriction driving rod. 


60 Pierce: Magnetostriction Oscillators 


For timing any other suitable magnetostriction rod, (say one 
of 102,000 vibrations per second) the latter is used to drive and 
control a second oscillator mounted on a second box like that of 
Fig. 15 or else the twin system is used with both the rods. The 
1,000-cycle rod is now adjusted by moving the weights out or 
in along the rod to points where zero beat is obtained between 
the 102nd harmonic of the 1,000-cycle rod and the fundamental 
of the 102,000-cycle rod. When this adjustment is nearly perfect 
the remaining small adjustment is made by changing the tuning 
condenser of the 1,000-cycle system. In this way I have succeeded 
in reducing the beat frequency to one cycle in five seconds, 
which means an error of this adjustment of the harmonic of the 
low frequency to the fundamental of the high frequency of two 
parts in a million. Such accuracy is ordinarily not required, so 
that more tolerance is usually given to this adjustment. 

It is interesting to note that the beats may be observed on a 
d. e. milliammeter as well as in a telephone. As a means of ob- 
taining beats on the milliammeter the circuits of Fig.5 are recom- 
mended. 

In Fig. 5 Oscillator No. 2 has the circuits of Fig. 4 with a coil 
Ls connected to its output terminals. Oscillator No. 1 has the 
same circuits for the two left-hand tubes with, however, the motor 
clock in place at the choke of the second tube. Paralleling the 
clock a radio-amplifying unit is employed for further amplify- 
ing the higher harmonies of Oscillator No. 1 and for suppressing 
its 1,000-cycle note and low pitch harmonies. The connection to 
the third tube is through a condenser of 0.001 uf, which has high 
impedance to these low notes. The customary grid leak of this 
third tube is replaced by a radio choke Æ C of about 0.1 henry, 
which has a small impedance for the low notes and a high im- 
pedance for the higher harmonics. The output circuit leads to 
Ls inductively connected with Ls so that the oscillations of the 
two systems are superposed in their output circuits, and their 
beats when nearly of zero frequency are observed on the d. c. 
milliammeter Ao». 

In this way timing of the motor clock gives a direct stand- 
ardization of the 102,000-cycle rod as well as of the 1,000-cycle. 
rod. 

In a similar way any of the rods may be calibrated directly 
in one step. I have used harmonies of the 1,000-cycle rod up to 
its 234th. 
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To calibrate at the same time directly any higher frequency 
a double step is required. 

Examples of Absolute Calibration of Some of the Rods. In 
calibrating Nichrome rod No. 30, the rod No. 1 (of about 1,000), 
was adjusted to give zero beats of its 30th harmonie with rod 
No. 30. Coincidences of the rod-clock seconds with the Riefler 
clock siderial seconds occurred as follows: 


Time Between Coincidences in 
Rod-Clock Seconds 


Coincidences 
Read on Rod Clock 


| 
| 


hr. min, sec, 
3 4 31 396 
3 21 17 395 
3 27 42 399 
3 34 21 


For computation we use 
1 solar true second = 1.00273 siderial seconds. 


1 rod second = Dur e — 1.00252 siderial seconds. 


1.00273 
1 solar second = ^ "T — 1.00021 rod seconds. 


Fig. 6—Circuits of Audio-Frequency Meter. 


The motor clock operated by the rod has its hands so geared 
to its motor that its time is correct when the motor is driven by 
a current of 1,000 cycles per second, so we have for the frequencies 
of the rods: 
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Jno. 1= 1000.21, fic. 30=30,006.3 at 20.4 deg. C. 


Two other independent determinations of this rod No. 30 give 
30,007.2 and 30,006.9 at 20.2 deg. C. The average of the three 
values is 30,006.8, with an average error of 14 cycle. Each of these 
calibrations had a timing period of about 20 minutes; by prolong- 
ing the time any required greater accuracy can be obtained. 

The following values, Table IV, taken at random from my 
notebook have been obtained in the absolute calibration of a 
number of standards, and illustrate what can be done with even 
very careless work provided the standard second is good and is ap- 
plied sharply to the apparatus. 


TABLE Iv 
SAMPLE ÁBSOLUTE CALIBRATION OF STANDARD 
Rod No. Rod No. | Crystal 
Standard No. 30 at 102 at Rod No. 117.7 No. 
20.3 deg. C. | 20.6 deg. C. 5884 
Cycles 30006.3 1020 117718 at 21.9 deg. C 5884707 
per 30006 .9 102085 117679 at 24.5 deg C 5884722 
Second 30007 .2 102084 117705 at 23.0 deg C. 
102084 
102083 
2084 
Average 30006. 8 102083 | 117701 at 23 deg. C. 5884719 


Referring to the values for rod No. 117.7 the three values were 
taken at different temperatures and if reduced to a common 
temperature of, say 23 deg., these values become 117704, 
117689, 117705, averaging 117701 with an average error of 2 
cycles per second. With this correction for temperature the values 
for No. 117.7 have about the same consistency as the other 
values in the table, and the variations in the table amounting 
to about 1/500 of 1 per cent are due to inaccuracy arising from 
the paucity of the coincidence observations. 

The measurements of the frequency of Crystal No. 5884 of 
about 5884 kilocycles were obtained by using the rod of 1000 
cycles adjusted to 997.28 cycles so that its 118th harmonic beats 
zero with rod No. 117.7 and at the same time beats were measured 
between the 50th harmonie of No. 117.7 and the fundamental of 
Crystal No. 5884. The latter number of beats per second was 
found to be 772, so we have fess; =50(118 X 997.28) +772= 
5,884,722. This double operation steps up the 1000-cycle fre- 
quency to its 5900th harmonic. 
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It is interesting to note that this crystal No. 5884 can also 
be used at all of its harmonics up to its 30th harmonic to measure 
frequencies up to 150 million cycles. 

Mr. M. T. Dow, Dr. Frederick Drake, and I are using such a 
calibration in the precision measurement of the velocity of elec- 
tric wave. 

By the methods here described the several rods of Fig. 14 
have been calibrated and intereompared. In the intercomparison 
the differences between fundamentals or harmonics of various 
oscillators may be conveniently measured by a bridge-type of 
audio-frequency meter such as is described in the next section. 

Audio-Frequency Meter. I here call attention to a bridge-type 
of audio-frequency meter involving well known circuits! that I 
have found useful for measuring audio frequencies. A photo- 
graphic view of this apparatus is shown as the right-hand unit 
of Fig. 16. The circuits are shown in Fig. 6 and comprise a bridge 
of three resistance arms and one arm of a variable L in series 
with fixed C. The two resistances R R are equal. The resistance 
R, plus A R is equal to the resistance of the branch L C which is 
chiefly the resistance of L. Since L is of copper wire it has a 
temperature coefficient. This is compensated by the smail ad- 
justable resistance A R, which when necessary is independently 
adjusted when the bridge is to be balanced. The chief variable 
element is L. At any given frequency, f, within the range of the 
apparatus the balance is obtained when 


Frequencies are read on a direct-reading scale calibrated in 
frequency attached to the dial of L. One important point is 
that for repeatable readings with an accuracy of 1 part in 1000 
the variable effects of body-capacity must be eliminated. I 
have found it advisable to provide the inductance L with a 
metal knob so that when one takes hold of this knob to adjust 
L he connects his body to the point H in Fig. 6. 

The inductance L at full scale is about 200 millihenries. The 
capacity C is a three-step mica condenser, having the three 
values 0.04, 0.2, and 1.0 uf, which gives the instrument a three- 

1 Although this instrument has been in use here for many years it was 
apparently previously described and used as a frequency meter by Heyd- 


weiller and Hagemeister: Verh. d. D. Phys. Ges. 18, 52, 1916. For other 
references see Banneitz: Taschenbuch der drahtlosen Tel. und Tel. 
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fold seale extending from 365 to 5000 cycles per second. The 
switch in the center of the photographic view of the instrument 
is for switching to different values of the condenser, and auto- 
matically switches the pointer to the proper direct-reading 
scale. The scale was drawn by hand on a bakelite dise from 
experimentally determined frequency readings and was then 
engraved on the disc. 

In the instrument are included an input transformer, for con- 
necting directly into the input cireuit of a vaeuum-tube oscillator, 
and an output transformer connecting to head telephones 
or a loudspeaker. 
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Fig. 7— Velocity and Temperature Coefficient of Frequency of Nickel- 
Iron Alloys of Various Percentages of Nickel. 


Absolute Calibration of Audio-Frequency Meter of Fig. 6 by 
Nichrome Rod No. 30 with f 230,000. An electric oscillator with 
frequencies variable to cover the range of the audiometer is made 
to beat aginst various harmonies of the fixed 30,000-cycle fre- 
quency of the rod No. 30. Practically, in the present calibration, 
this was done by using the Twin Oscillator of Fig. 16 (shown at the 
center) with the magnetostriction rod in its coil assembly plugged 
into one set of jacks on the instrument and with various coil- 
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pairs without magnetostriction core plugged into the other set 
of jacks. One pair of the output terminals of the Twin Oscillator 
were now connected to the input posts of the audio-frequency 
meter to be calibrated. A telephone receiver was at the output 
posts of the audio-frequency meter. 

The procedure is as follows: Adjust the variable electric 
oscillator to beat zero with some harmonic of the magnetostric- 
tion rod, then adjust the audio-frequency meter for silence in the 
telephone and read the scale of the audio-frequency meter. 
Proceed ad lib. with other harmonics. 

Table V gives the results. The value of the harmonic used is 
given in the column marked n. For example n=3/50 means a 
beat zero between the 50th harmonic of the 30,000 cycles rod and 
the 3rd harmonie of the electric oscillator, to which the audi- 
ometer was set, giving f — 1800 cycles per second. This is tabulated 
in the second column. 

The observations in this Table V were made hurriedly with- 
out any repetition of readings. Only the more striking harmonies 
(simple ratios) were used, and a large number of other values 
were passed over without being read, as there was no need of 
obtaining any more dense distribution of the calibration points. 
The accuracy of reading the scale of the instrument was only 
about 1 part in 1000 in the more open parts of the scale. Checks 
on the identity of the harmonies can be obtained by using other 
magnetostriction rods. 

Absolute Calibration of a Wavemeter by Nichrome Rod No. 
30. To show a further use of the magnetostriction standards 
this same rod of 30,000 cycles per second (^ = 10,000 meters) was 
used to obtain the values of Table VI in calibration of a wave- 
meter ranging from 233 to 2224 meters. The procedure was the 
same as in the preceding section, except that the electric oseilla- 
tor eoils were of small inductance so as to give high frequency. 
The telephone connected directly at the output of the Twin 
Oscillator served to evidence audible beats, which were adjusted 
to a zero-beat-frequency. 

The wavemeter was placed near the electric oscillator coil 
and had its coil shortcireuited, while setting the oscillator to 
beat zero. Then the shorting switch of the wavemeter was opened 
and the condenser of the wavemeter was adjusted. As resonance 
was approached beats were again heard in the telephone. Chang- 
ing the condenser of the wavemeter in one direction, we hear 
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these beats rise in frequency, then drop to zero, then appear 
again at a high frequency and gradually change to zero. The 
drop of the beats to zero at the setting between the two high- 
frequency beat values is the adjustment of the wavementer to 
resonance. 

In Table VI n indicates the harmonics employed. This is here 
tabulated as 1/n, since we are concerned with wavelengths. The 
wavelength A of the wavemeter is obtained by taking 1/n times 
the electric wavelength (10,000) of the 30,000-cvcle rod. 


TABLE V 
CALIBRATION or Aupio-Frequency Meter vs. NicHnoME Rop No. 30. 


- —— 
Scale of f by No. 30 n Scale of f by No. 30 n 
Instrument : Instrument | | 
872 | 870 2/69 1760 1767 1/17 
897 896 2/07 1800 1800 3/50 
909 909 1/33 1818 | 1818 2/33 
922 923 2/05 1871 1875 1/16 
937 938 1/32 1909 1915 3/47 
952 952 2/63 1935 1935 2/31 
956 957 3/04 | 200 | 2000 1/15 
968 968 1/31 | 2068 2069 2/29 
978 978 3/92 2140 2143 1/14 
982 984 2/61 2223 2222 2/27 
1091 2/55 2305 2308 1/13 
1130 1132 2/52 2395 2400 2/25 
1181 1176 2/51 2500 2500 1/12 
1228 1224 2/49 2605 2609 2/23 
1252 1250 1/24 i 2722 2727 1/11 
1278 1277 2/47 2999 3000 1/10 
1330 1333 2/45 3165 3158 2/19 
1390 1395 2/43 3330 3333 1/9 
1462 1463 2/41 3535 3529 2/17 
1498 1500 1/20 3740 3750 1/8 
1543 1538 2/39 4 4000 2/15 
1581 1579 1/19 4285 4285 1 
1603 1607 1/23 4478 4500 3/20 
1620 1622 2/37 " 4595 4615 2/13 
1660 1666 1/18 | 4710 4737 3/19 
1692 1696 3/53 5010 5000 1/6 
1710 1714 | 2/35 


In this section and the preceding section it is seen that the 
30,000-cycle rod is used in frequency calibrations extending from 
870 cycles to 1,200,000 cycles. The possible range is vastly 
greater than this. 

In practice I no longer use directly the wavemeter or the 
audio-frequency meter for accurately measuring wavelengths or 
frequencies, but instead beat everything against the rods or 
piezo-crystals, and use the audio-frequency meter for measuring 
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differences of frequencies, and the wavemeter for identifying 
harmonics. 

Study of Frequency, Sound Velocity, and Temperature Co- 
efficients of Frequency of Various Alloys. I have investigated a 
large number of alloys for their magnetostrictive properties, and, 


TABLE VI 
CALIBRATION OF WAVEMETER LC; vs. Nicnrome Rop No. 30. READINGS ARE IN METERS 
WAVELENGTHS 
Scale of ^ by No. 30 1/n Scale of ^ by No. 30 | lin 
Instrument Instrument | 
| ^ c CT — 

2224 2222 2/9 866 869 2/23 
2175 2174 5/23 832 825 1/12 
2144 2143 3/4 799 800 2/35 
2106 2105 4/19 768 769 1/13 
2085 2084 5/24 712 714 1/14 
2070 2068 6/29 662 666 1/15 
2000 2000 1/5 621 625 1/16 
1940 1944 7/36 574 578 1/17 
1924 1923 5/26 553 555 1/18 
1892 1892 7/37 523 526 1/19 
1870 1875 3/16 514 513 2/39 
1848 1852 5/27 502 500 1/20 
1815 1818 2/11 475 476 1/21 
1790 1786 5/28 454 455 1/22 
1712 1714 6/35 435 435 1/23 
1668 1667 1/6 416 417 1/24 
1573 1579 3/19 401 400 1/25 
1535 1538 2/13 383 385 1/26 
1510 1515 5/33 368 | 370 1/27 
1 1500 3/20 356 357 1/28 
1480 1481 4/27 344 | 345 1/29 
1462 1463 6/41 333 | 333 1/30 
1426 1429 1/7 322 323 | 1/31 
1388 1389 5/36 312 313 1/32 
1378 1379 4/29 303 303 1/33 

1362 1364 3/22 295 294 | 1 
1350 1352 5/37 285 286 | 1/35 
1332 1333 2/15 276 278 1/36 
1303 1304 3/23° 270 270 1/37 
1251 1250 1/8 263 263 1/38 
1201 1200 3/25 257 256 1/39 
1178 1176 2/17 251 | 250 1/40 
1111 1111 1/9 245 | 243 1/41 
1050 1052 2/19 | 238 | 238 1/42 
999 1000 1/10 | 233 283 | 1/43 

952 952 2/21 | 


by measuring the frequency of oscillation of a known length of 
specimen, have determined the velocity of a longitudinal sound 
wave in these various materials. These are recorded in column 
2, Table VII. By making these measurements at various tem- 
peratures I have obtained the temperature coefficient of fre- 
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quency (column 3). By the formula 


V Young's modulus 
v= 
Density 


I have computed Young’s modulus (column 5) from measured 
values of velocity and density (column 4). This method gives 
high precision, and is interesting in that the value of the modulus 
is obtained for very small applied forees. Additional data of 
Table VII are described below. 


TABLE VII 
EXPERIMENTAL RESULTS FOR ALLOYS 


| EX10" 
Material v | g p Dyne 
m/sec X10* g/eo  |———— X106 X 108 X105 
8q. cm 
Iron 5074 —171 7.688 19.79 12 —159 —354 
Nickel 4937 — 132 8.803 21.46 12 —120 —276 
Stoic 4161 +224 8.02 13.89 1.5 +226 +446 
Nichrome 4981 —107 8.269 20.52 12 —97 —226 
Monel 4549 —151 8.854 18.32 14 —137 —316 
Stainless Steel 5430 —136 7.720 22.76 10 —135 —282 
Stainless Iron 5133 —130 7.743 20.40 10 —130 —270 
Nickel-Iron 
% Ni 
0 5074 -171 7.688 19.79 13.3 —158 —355 
10 4919 —164 7.812 18.90 9 —155 —337 
20 4582 -—159 7.818 16.41 8 —151 —326 
30 4527 135 +144 +261 
30 4241* + Tres 7.950* 14.29* 4* + 81* +150* 
32 4540 —101 3 — 98 —205 
34 +182 2 184 +362 
36 4161 +224 8.020 13.89 1.5 +226 +446 
40 4075 +218 8.042 13.36 5 +223 +431 
50 4352 — 64 7.901 14.96 10 — 54 —138 
60 non oscillatory 
70 non oscillatory 
80 4908 | —124 8.521 20.52 12 —112 —260 
90 4990 8.666 
100 4937 | -132 8.803 21.46 12 —120 -276 
Chrom-Iron 
% Cr. 
10 5290 —153 7.61 21.32 10 —143 —316 
20 5448 = 90 8.02: 23.82 10 — 80 —190 
30 5392 —102 7.659 22.27 10 — 02 —214 
40 4329 — 91 7.514 21.33 10 — 81 —192 
Si Cr Fe% 
5 5 90 5166 —118 7.559 20.17 
5 10 85 5285 zin 7.581 21.17 
5 15 80 5192 —112 7.482 20.17 
5 20 75 4806 —144 7.488 17.30 
5 25 70 5473 —140 7.405 22.18 
5 3 65 5387 —133 7.414 21.52 
5.16 4.53 90 — 82 
Carbon-Steel 
0.8 5283 | —110 | 7.839 | 21.49 | 11 -90 | —231 
1.0 5209 —137 | 7.827 | 21.24 11 —126 —285 
1.5 5217 -128 7.866 21.41 11 =112 —257 
i 


v —velocity of sound, g =temperature coefficient of frequency, p =density, E = Young's 
Modulus, a =coefficient of expansion, h =temperature coefficient of velocity, b = temperature 
coefficient of elasticity. J 

* After dipping in liquid air. 
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Other alloys are under investigation and will be reported in a 
later publication. Many of the specimens of the table contain a 
small quantity of manganese (about 0.3 per cent) added to make 
the specimen malleable. 

Curves Showing Results for Velocity and Temperature Coef- 
ficients of Frequency with Alloys of Various Compositions. Fig. 7 
shows velocity of sound in km per second and also temperature co- 
efficient of frequency of vibration with rods of nickel-steel plotted 
against percentages of nickel of the rods. It is seen that the veloc- 
ity has a minimum and the temperature coefficient has a maxi- 
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Fig. 8—Velocity and Temperature Coefficient of Frequency of Chro- 
mium-Iron Alloys with Various Percentages of Chromium (Abseissas). 


mum at 36 per cent to 40 per cent nickel. This is at about the 
composition of Invar (36 per cent nickel). Fig. 8 contains cor- 
responding curves for chromium-steel of various percentages of 
chromium; Fig. 9, similar results for various percentages of chro- 
mium in chromium-steels which contain also 5 per cent silicon. In 
Fig.8 the velocity is a maximum and the temperature coefficient of 
frequency is a maximum at 20 per cent to 25 per cent chromium. 
These results, Fig. 7 and Fig. 8, suggest as a possible law that 
in a binary metallic alloy the temperature coefficient of frequency 
is a maximum or minimum at the composition at which the velocity 
is @ maximum or minimum, or the reverse. Having found a means 
of extending the methods of the present research to non-magnetic 
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alloys also I have assigned to a research student the problem of 
testing this apparent law for a wide variety of alloys. 

The curves of Fig. 9 show the effects of adding a third com- 
ponent, 5 per cent silicon, to the chromium-iron series. This 
added silicon introduces a large minimum of velocity at 20 per 
cent chromium, 5 per cent silicon, and 75 per cent iron. Indi- 
cations of corresponding maxima or minima of the temperature 
coefficient of frequencies at compositions giving a maxima or 
minima of velocity are also apparent in these curves, but the 
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Fig. 9—Effect of Addition of od cent Silicon to Chromium-Iron Alloys 
of Various Percentages of Chromium (Abscissas) and Rest Iron. 


compositions employed were not selected closely enough together 
to make the result certain. 

An interesting result is the largeness of the change of velocity 
with change of composition. 

The points marked A and B of Fig. 7 were obtained with a 
nickel-steel of 30 per cent nickel. The values at A were obtained 
with the annealed specimen, and the interesting fact was noted 
that when the specimen was heated to about 50 deg. C it became 
non-magnetic and ceased to oscillate. When it was cooled down 
to 20 deg. C it again became magnetic and oscillatory, but re- 
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versibly lost or gained its magnetism as the 50 deg. C point was 
passed. This fact for about this composition has been previously 
observed-by Hopkinson.? Acting on the facts there given regard- 
ing effects of cooling, I had my specimen dipped into liquid air. 
After coming back to room temperature it gave the points marked 
B in Fig. 7. It had become a new substance and no longer lost its 
magnetism with change of temperature over the range up to 
100 deg. C. 

Temperature Coefficients of Elasticity and of Velocity. Simple 
relations exist among various temperature coefficients, so that 
other coefficients may be obtained from the experimental data of 
Table VII combined with known quantities taken from the work 
of previous investigators. 

Given A0 =increment of temperature, 


a =— = coefficient of linear expansion, 


Av 


AE 
b — —— = coefficient of Young's modulus £, 
EA0 
Af ; GG Sea 
g E = coefficient of frequency of longitudinal vibration, 


Av 
h= — — eoefficient of velocity of longitudinal wave, 
v 


-vy e a (1) 


In this equation (1) 
l —length of a specimen, which has 
f ^ frequency, 


and 


p density, 

E = Young's modulus, 
W = weight, 

V = volume. 


If the specimen satisfying equation (1) is raised 1 deg. C in tem- 
perature W does not change and we obtain 


TEN m LA 
2if(1+a)(1+g) =o +h) = 4/5, 0-0 0--30) 


2? See Ewing: “Magnetic Induction in Iron and Other Metals,” 
Van Nostrand, 1900. 
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Dividing this by (1) and performing the indicated operations for 
small values of the coefficients we obtain 


b 3a 
1+a+g=1+h= ar Te" 


h=a+g, and b229g—a. (2) 


Equation (2) enables us to compute the temperature coefficient 
of elasticity b and the temperature coefficient of velocity h from 
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Fig. 10— Young's Modulus and Temperature Coefficient of Elasticity of 
Nickel-Iron Alloys with Various Percentages of Nickel (Abscissas). 


the measured values of the temperature coefficient of frequency g 
and values of temperature coefficient of expansion a. Since the 
latter are small in comparison with g they are given sufficiently 
accurately in ordinary tables of constants. 

Values of a taken from Bureau of Standards Circular No. 58 
and from International Critical Tables are entered as column 6 
of Table VII, and computed values of À and b are entered in 
columns 7 and 8. 

Fig. 10 is a plot of E from my data on sound and also a plot 
of the corresponding values (Curve B) from the Bureau of 


` 
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Standards Circular No. 58. The large differences between these 
curves may be due to the fact that the values given in the Bureau 
Circular are obtained at large stresses while my values are for 
the very small stresses of sound waves. On the other hand, small 
differences in composition, as the 0.3 per cent manganese in my 
specimens, or different heat treatment, may account for the dif- 
ferences. It should be further noted that my specimens were 
magnetized. 

Methods of Obtaining Magnetostriction Vibrators of Zero or 
Very Small Temperature Coefficients of Frequency. In Table 
VII the temperature coefficients of frequency g of magnetostric_ 


Fig. 11—Impedance Circle Diagrams. 


tion vibrators of various alloys are given in column 3. In partic- 
ular it is seen that the nickel-iron alloys vary from 


g=—171X10- to g=+224X 1075 


and that this coefficient is zero for alloys of 33 per cent Ni and 
47 per cent Ni. Unfortunately these alloys are difficultt o pro- 
duce with exact properties because the curve of temperature 
coefficient is very steep at these points. Furthermore, these 
materials are only very weak magnetostriction oscillators. With 
sufficient care in their production and heat treatment they may 
prove highly serviceable as oscillators of zero temperature coef- 
ficients. A further study of alloys of this class is under way. 

In combinations of three metals I have found that a vanish- 
ing temperature coefficient is usually associated with non-mag- 
netism or non-magnetostriction. 
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Consequently I have investigated the alternative method of 
composite vibrators made of different metals so arranged that the 
positive coefficient of one specimen counteracts the negative coef- 
ficient of another specimen, which have the merit of simplicity 
of construction and can be made of materials giving a strong 
resultant vibration. 

Two kinds of composite vibrators have been employed with 
success: 


(a) A central rod of negative coefficient with a rod of positive 
coefficient soldered end to end at each end of the central rod. 
This I shall call longitudinally composite. 

(b) A tube of coefficient of one sign containing a tight-fitting 
core rod of coefficient of the opposite sign. This I call concentri- 
cally composite. 


A number of vibrators of both these types have been made. 
For standards the concentrically composite type have more power 
in controlling frequency and are preferred. Two such vibrators 
consisting of nickel tubes with stoie metal cores driven into them 
at a tight press-fit were found to have coefficients 

Af 1 1 


re te 
fA6 50000. 65000 


respectively. Smaller values of this coefficient can be obtained 
by better choice of relative diameters of the components. 

It should be noted that the eause of the change of any of these 
vibrators with change of temperature is the temperature co- 
efficient of elasticity of the materials and not the change of length 
or ehange of density, both of which are relatively small. 

Elementary Theory of Dynamic Magnetostriction. As a 
simplification of the more exact treatment of the subject, such as 
is given in Appendix I, there is here presented a discussion 
based on the assumption that the rod acts mechanically as a 
pair of masses separated by an elastic member and damped by 
frietion proportional to velocity, so as to satisfy the equation 


f' -mi-rix-eSz/l. (1) 


In this equation the dots indicate time derivatives, and r, 
m, and e are equivalent values of frictional resistance, mass, and 
Young's modulus respectively, 
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S = Area of cross section 
i — half length of the rod 


x — increase of length of the half rod-length due to the force f’. 


The force f’ is a periodic magnetostrictive force due to a 
periodic magnetic induction B of comparatively small amplitude 
superposed on a fixed induction B,, which is used to polarize the 
specimen. 

Law I of Magnetostriction.—As a first law of magnetostriction 
we shall assume that the magnetostrictive force f' caused by the 
periodic induction B is proportional to B and to the area of cross 
section S; that is, 

f/-aBS, (2) 


where a (positive for some substances and negative for others) 
is a coefficient depending on B, but otherwise assumed constant. 


Fig. 12— Beaded Rods. 


We shall regard B as made up of two parts B; and B’ 
B=B,+B', (3) 
where B;=induction due to the periodic current 2, 


B’=induction due to the reverse magnetostriction effect 
(Law II). 


Law II of Magnetostriction.—When the rod is stretched an 
amount 2r with an original rod-length 2/ there is produced an 
induction B’ proportional to z/l; that is, 


B' -a'z/l. (4) 


Solution for Time-Derivative of z.—The substitution of (2), 
(3), and (4) into (1) gives 
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aSB;=mé+rz2+ (e—aa'] s/l, (5) 
of which the solution for the time-derivative of z on the assump- 
tion that B; involves the time only in a factor of the form e/«! is 

aSB; 
desc (6) 
r+j{mw—e'S/lw} 
where as an abbreviation 


e/—e—aa'. (7) 

Electrical Equations. — We shall next write the electrical equa- 

tions. The alternating current 7 is related to the impressed emf 
e by the equation 


d 
e=Rit+— | Flux linkage of (B;+B’)}. (8) 


The first two terms of the right-hand side of this equation 
give the electromotive force if the rod were damped so that it 
did not move. The remaining term gives the electromotive force 
due to the motion, which we shall call motional emf and shall 
designate by e’, so 

do 
e’=—, where (9) 
dt 
e' = damped emf, 
$ = Flux linkage of B’. 


If now we write 
$ —a'" B' and (10) 
B:= L'i, (11) 


where a’’ and L' are constants depending on the size, shape, and 


number of turns of the coil and on the permeability of the speci- 
men, and combine (4), (6), (9), (10), and (11), we obtain 


e'=z'i, where (12) 
aa'a"'L'S/l 

~ r4jine—e'S/lo] 

In equation (13) 2' is the complex motional impedance of the 


system. wis the angular velocity of the current. a, a^, a^", and Li 
are coefficients defined by (2), (4), (10), and (11), respectively. 


? This theory and the discussion of the next section is essentially of the 
same character as that given by Professor Kennelly and the author for the 
impedance of telephone receivers. Proc. Amer. Acad. 48, No. 6, 1912, and 
Electrical World, September, 1912. 


z' 


(13) 
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Impedance Circle Diagrams. If we let 
R’ = motional resistance 
X' 2 motional reactance 


of the rod-coil unit, and as further abbreviations, write 


A =aa'a" L'S/l and (14) 
m =r? + {mw —e'S/lw}*, (15) 
we find that (13) after rationalization gives 
,_ Ar 
—4A —e'S/l 
aie { mw —€ /lej (47) 
Za 


whence 
R?eP4X%=A/Z,,2, 


The substitution of (16) so as to eliminate Zm gives 
R?4+X°=AR‘/r. (18) 


X70 distance= X 


a 
displacement =y y +5ox Ut 
Fig. 13 


This is the equation to a circle, passing through R’=O and 
X' —O, and having a diameter A/r, and is represented as the left- 
hand circle of Fig. 11. Each value of w gives a point of the circle. 
The circle is thus the locus of X’ plotted against R’, or, otherwise 
stated, it is a vectorial plot of z' as w varies. 

Impedance Circle-Diagrams With Diameter Dipping. In 
the preceding section the diameter of the impedance circle lies 
along the axis of motional resistance. Experimentally this is 
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found to be not the fact. The diameter of the circle usually dips 
by an angle which we shall call 6. 

This result can be obtained theoretically if we let one or more 
of the quantities a, a’, a’’, L’ be a complex quantity independent 
of w so that 

Ae’ —aa'a"L'S/l. (19) 
This is equivalent to multiplying every vector z’ by €? which 
gives the whole diagram the form of the right-hand circle of 
Fig. 11. 


m gi 
[oS zzssttf0:0i:9...2-226| 


Fig. 14 


As to the physical significance of complex values of a, a’, a", 
or L', which may be inferred from the experimentally determined 
values of impedance circles, it seems probable that a and a' are 
the complex quantities and that their complexity is due largely 
to hysteresis effects and eddy currents in the magnetostrictive 
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core as the dip angle largely disappears when the core is a thin 
nickel tube split longitudinally. 

An extensive experimental study of motional impedance in 
the case of magnetostriction has been made at this laboratory by 
Mr. K. C. Black‘ at my suggestion, and is contained in his thesis 
for the Doctorate of Philosophy deposited in manuscript in the 
Harvard Library. He is publishing a short account of this investi- 
gation in a paper following this in the Proceedings of the American 
Academy. 

The results are very remarkable in showing that the magneto- 
Strietive system has a very high efficiency as a converter of 
electric energy into mechanical motion. 

Magnetostrictive Sources of Sound. I have made a number 
of applications of magnetostriction to the production of sound 


Fig. 15 


and ultra sound over a wide range of frequencies. These devices 
are outside of the scope of the present paper. One application, 
which is to the measurement of the velocity of sound at various 
frequencies, is being employed by some of my graduate students 
in filling in the gaps of the work I previously published’ in which 
a piezo-electric crystal oscillator was the radiator of the sound, 
and the reaction of the reflected sound on the source was the 
means for indicating nodes and loops of the standing wave 
system. The frequencies used in those experiments extended 
from 40,000 to 1,400,000 cycles per second. The use of the mag- 
netostriction vibrators in the same general arrangement of 
apparatus permits the use of frequencies below the 40,000-cycle 

* K. C. Black: A Dynamic Study of Magnetostriction, Proc. Am. 
Acad. of Arts and Sci., 63, 49, 1928. These numbers may be purchased 


separately from the American Academy, 28 Newbury St., Boston, Mass. 
5 Proc. Am. Acad., 60, No. 5, 1925. 
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value, and also, since rods are easily cut to any predetermined 
frequency, permits filling in certain significant frequencies that 
were lacking in the previous investigations. Also various gases 
are being employed in the experiments. 

Another sound-velocity application consists in putting various 
solid non-magnetostrictive rods on the end of a magnetostrictive 
driving rod, and by means of frequency measurements deter- 
mining sound-velocity and elastic properties of non-magnetic and 
other non-magnetostrictive materials. These new investigations 
are well under way. 

Arrangements for Obtaining High Frequencies. In the pro- 
duction high-frequency stabilization by magnetostriction rods I 
have used three methods. (a) One is by the use of very short cy- 
linders, placed within the plate coil with their axes parallel to the 
magnetic field of this coil; (b) another is by flat strips or sheets of 
the magnetostrictive material placed between the plate and grid 
coils; and (c) by what I may call beaded rods. The latter method 
is probably the best. An illustrative example, shown in Fig. 12, 
consists of a rod 1.26 cm in diameter and 9 em long with grooves 
turned in it to a depth of half the radius. The grooves are 1 em 
wide and separated by 1 em so that the vibrator is in the form 
of five cylindrical beads, each 1 cm long held in succession 1 cm 
apart by cylindrical rods of half the diameter of the beads. 

When this beaded rod has been annealed and is placed in a 
coil-pair having 200 turns on each coil, and so positioned that 
one bead is in one coil and the next bead is in another coil or 
else one bead between coils, it shows strong stabilization of fre- 
quency 295,480 cycles per second. The material is stainless steel 
with velocity of 5430 meters per second, so the frequency is that 
of a linear vibrator of length 543000 + 2X 295480 =0.918 em, 
which is about 10 per cent less than the computed value of one 
of the beads standing alone and regarded as a linear vibrator. 
There are other frequencies of the system, particularly one at 
19888 cycles per second. 

The theory of such a beaded vibrator has been pretty well 
worked out but to save space is not here given. 

For lack of space also the general vacuum-tube theory is here 
omitted. 

In the accompanying appendix a more detailed theory of 
sound propagation in the magnetostriction rod is presented. 
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APPENDIX Í 


Theory of Dynamic Magnetostriction, Including Theory of 
Propagation of Sound in a Viscous Magnetostrictive Medium. 
Referring to Fig. 13, let us consider a rod of length 21 wound with 
a solenoid of N turns per em. 

Let S —area of cross section of the rod. Let z=the distance 
from the center to any section of the rod, and let us consider a 
volume of length Az extending from z to z-- Az. 

Let p, and y — external pressure and displacement at x of the 
section Az, and 


Op, ð TE 
pata Azand y+ = = the corresponding quantities at z + Az, 
z z 


and let us note that the pressure at z and x+Az are both esti- 
mated inward upon the section Az, while the displacements are 
both in the z-direction. 

Before analysing the external pressure Pa into its components, 
we may equate the force in the z-direction to the mass X accelera- 
tion of the elemental volume Az, obtaining 


s| pa- |o Pac} -sazons 1 
Pa~) Bet “Ae xp (1) 
in which p=density of the material of the volume element. 


Performing the operations of (1), dividing by SAz and taking 
the limit as Az approaches zero, we obtain 


Op. dy 
a dic m SS 2) 
Ox ot? ( 


Let us now analyse p, into its constituents; namely, let 


Pa = pet pat ps, where 

p. = pressure due to elasticity, (3) 
Da = pressure due to viscosity, 

D» — pressure due to magnetostriction. 


These various p's are due to the pressures of expansion of an 
element to the left of that shown in the figure, and are given by 
the equations 


— 4 (4) 


[oou of —| Oy 
p.— — € : 


volume 
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ð (increase of volume ð /ðy 
oa emi a n 


‘at volume 
pm=aB, in which (6) 


pa=— 


«= Young's modulus in dynes per sq. cm 
G=a viscosity coefficient in c.g.s. units 
B=magnetic induction at z, producing p» 


a=a coefficient relating expansive pressure of magnetostric- 
tion in dynes per sq. cm. to magnetic induction B. 


The coefficients e and G are positive, a is positive for some 
magnetostrictive materials and negative for others. Also a is 
not exactly constant but varies with B as well as with the 
material. We shall, however, need to consider it a constant where 
B is a small induction added to an already existent constant large 
induction. 

The substitution of (4), (5), and (6) into (2) and (3) gives 


y dy 0d’¢y | OB 


PA Na For cR MP nid 7 

ae Or ^or ox (2) 
and " a 
y y 

PARA ay, VaL TNT 8 

mm (8) 


We shall now further analyze B. We shall suppose the exis- 
tence of a steady magnetic induction B,, which will polarize the 
system and determine the size of the coefficient a, but will not 
contribute to Pm, which we shall suppose to be due to an addi- 
tional periodic B. This additional B is made up of a quantity due 
to the variable current 7 in the windings plus an additional 
quantity B’ called into play by magnetostriction as a result of 
distortion; that is 


B= B;+ B’ where 

B;= magnetic induction due to z (9) 

B' = magnetic induction due to expansion of the element 
Az and is a function of z. 


This B' we shall assume proportional to increase of length of 
the element divided by the original length of the element; that 
is, 
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B'=a'— (10) 
In substituting (9) and (10) into (7) and (8) we shall regard 


—=0 (11) 


à? 9? 00% 
Ca A a R 


"on os T D 
and 
ð 00 
Lh M 6 as P (13) 
where as an abbreviation 
e' —e— aa! (14) 


Equations (12) and (18) are to be treated as simultaneous. 

In solving (12) we shall here restrict the treatment to the case 
in which the time t enters in y only in a factor of the form eot, 
where w is the angular velocity of the current 7. This reduces 
(12) to the form 


JE UNE 
— po = (e' + jGw)— (15) 
Ox? 
which gives 
y =e" { Ae** + A'e-i2] (16) 
with 
Tv A (17) 
uL A TEENS, 


We shall next stipulate that the center of the rod has zero 
motion; that is, y=0 at x=0. This gives 


y = Ae"! sinh ka (18) 
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Now to determine A, we introduce the further boundary 
condition that p, —O at z —1, so (13) gives 


E... 
cc I abo xl (19) 
x 


Replacing y in this equation by its value from (18) we obtain 
jot — — oR 
k(e’+jGw) cosh k! 
and consequently by (18) 
y=P sinh kx (20) 
where as an abbreviation 
Pe 2 
k(e’+jGw) cosh kl 


(21) 


Let us now turn to a consideration of the electrical system in 
which there is a variable current : flowing. The variable emf at 
the terminals of the coil is 


ð 
e= Rit {flux linkage of (B:+B’)} (22) 


The first two terms of the right-hand side of this equation 
give e damped; that is, the value of e if the rod were restrained 
from vibrating. The last term is the contribution of the motion, 
and may be called the motional emf, so 


do 
'=—, where 23 
e » wher (23) 


e' = motional emf 


$ = flux linkage of B’ with the circuit. 


To obtain 4, let us note that per unit area of S at any element 
Az, distant z from the center, magnetic induction of amount 
B' —(B’+Az0B’/dz) leaks out between the turns of wireand these 
return to the core at distance minus z from the center, and thus 
link with 2 Nz turns giving 


L4 


ðB 
Ad = —2NSx—Az, 
Ox 
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where N =number of turns of wire per em. 

To get the total linkage we must integrate this from z — 0 to 
z=], and must add 2 NSIB,’ to account for leakage from the 
end, obtaining 


| OB’ 
s-aNs| — f Z2 (24) 
0 Ox 


We may first integrate this by parts by putting 


7 


B 
u=z, dv= 3 dz, obtaining 
x 


1 
o=2Nsi f B'dz 
0 


We may now complete the integral by replacing B’ by its value 
from (10) and obtain 

9 —2a' NSy;, where (25) 

y; value of y at l 
By (20) and (21) this gives 

$ —2a'NSP sinh kl 

2aa' NSB; 
e- ——— tanh kl 

k(e' 4-jGo) 


Now returning to the motional emf, equation (23), and noting 
that the time derivative is jw times the quantity, and then replac- 
ing jw/k by its value from (17), we obtain 

2aa'N SB; 
c= tanh kl (26) 
Vo fe’ +Gju} 


If now 
L=self inductance of the coil with rod damped, we may 
write Li= flux linkage of Bi, which is 2 NSIB;, so 
Li 
B;2——— (27) . 
2NSI 
which substituted into (26) gives , 


e' - Qi tanh kl (28) 
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In this equation I have introduced as an abbreviation 


aa'L 
oe (29) 
l/ple' 4-jGo] 
Motional Impedance. If we let 2' — complex motional imped- 
ance of the system, and compare (28) we have 


2' 2 Q tanh kl (30) 


Equation (80) gives the complex motional impedance of the 
system; Q and k are defined by (29) and (17), respectively. 

To investigate the manner in which z’ varies with w, we may 
note that while Q involves w, the term in which the w appears is 
comparatively small, and since the whole motional action is 
confined to a very small range of w, we may regard Q as a con- 
stant. 

Let us now write? 


k=a+jB, where (31) 

a -/ carp (32) 
8-4. a (33) 
Q9 = 4/ CAE (34) 
qu) = 4/ oo (35) 
h=Gu/e’ (36) 


Introducing the value (31) for k into (39) and breaking z' 
into its resistance and reactance components, R’ and X', we 
have 


x ‘ay 
pas) eee 
cosh (a --38)l 


* Regarding the functions f(h) and g(h) see G. W. Pierce: “A Table 
and Method of Computing Electric Wave Propagation, Transmission 
Line Phenomena, Optical Refraction, and Inverse Hyperbolic Functions 
of a Complex Variable”, Proc. Amer. Acad., 57, No.7, 1922, wherea table 
of the functions f and g is given for a large range of values of A. 


— EQ" 
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which after expansion and rationalization becomes 


sinh ol cosh al+j sin Bl cos Bl 


sinh? w -- eos? 8l 


R'+jX'—Q 


From this we may obtain 


R’?+X”=2R,R', where (37) 
sinh? al+sin? Bl 
2R,-Q sinh? atteint (38) 


Sinh al cosh al 


Equation (37) is in the form of the equation of a circle of 
radius R.. Equation (38) shows, however, that R, involves the 
variable parameter w so (37) is not a true circle. Nevertheless, 
in the case of the magnetostrictive system, the resonance is so 
sharp that the whole phenomenon of motional reactance is exhi- 
bited within a frequency range of a fraction of one per cent of the 
resonant frequency; so the variation of the coefficient R, is in- 
appreciable to the limit of the errors of the experimental measure- 
ments that Dr. Black has made.” 


? K. C. Black, “A Dynamic Study of Magnetostriction,” Proc. Amer. 
Acad., 63, 49; April, 1928. 
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THE IMPORTANCE OF RADIOTELEGRAPHY IN SCIENCE* 


Bv 


JONATHAN ZENNECK 
(President, Institute of Technology, Munich, Germany) 


HEN discussing today what science owes to radio- 
telegraphy I feel that I must first apologize for having 


selected so general a subject. While most papers read 
before this Institute refer to special problems of radiotelegraphy 
proper, in view of the somewhat extraordinary character of this 
meeting I hope that an exception to this rule may be permitted, 
since I am not a professor of radiotelegraphy but of general 
experimental physies. 

There is no doubt that the splendid development of radio- 
telegraphy itself would be the most attractive theme for a 
paper, so attractive indeed that it has almost become the stand- 
ardized subject of addresses to be delivered before radio 
meetings. Having for a long time been a member of your Com- 
mittee on Standardization I certainly appreciate standardization, 
but when it comes to papers, I prefer individual production. 

After touching upon the development of radiotelegraphy let 
me say a few words on the “romantic period in the radio field," 
as Dr. Alfred N. Goldsmith put it in his Presidential address, 
and let me refer to itin à somewhat romantie manner. In 1900 
we were very proud when, in experiments on the North Sea 
with a Braun transmitter, we had succeeded in establishing 
*wireless communication" between the isle of Heligoland and 
the coast, a distance of some thirty miles. Please do not ask 
questions as to what “wireless communication” meant at that 
time. Just believe me that what we had was no worse nor better 
than anything then given the grand name of wireless com- 
munication. Our aim was to get 100 miles. Very soon this was 
attained by us and by others, and as distances at which wireless 
messages could be transmitted gradually increased, the goal was 
pushed further and further, and finally the ideal of enthusiastic 
wireless men became cR, where 7 means the cyclic number and 
R the radius of the earth. In other words, they dreamt of a 

* Dewey decimal classification: R010. Original manuscript received 


by the Institute, August 28, 1928. Delivered before New York meeting of 
the Institute, September 5, 1928. 
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wireless communication with the Antipodes, just as some en- 
thusiasts are dreaming now of rocket airship traffic with the 
Moon. Then came the time when radio communication with 
the Antipodes was established by means of short waves with 
much less power than anybody would have thought of. This 
result was greatly deplored by all true radio enthusiasts because 
no further record seemed to be possible, since for mathematical 
and geophysical reasons, respectively, neither m nor R could be 
increased. But wireless telegraphy went beyond this limit 
which nature seemed to have put to any further extension. All 
of you know that it has become possible to receive radio waves 
which have travelled at least twice around fhe earth. All this 
sounds like a romance, but it is not. With what has been achieved 
since Hertz’s laboratory experiments and Marconi’s invention 
up to the present time, radiotelegraphy means a development 
unrivaled in the history of natural and technical science. 

But I donot want todwell upon that any longer. What I want 
to do is to illustrate by a number of examples the influence which 
this development of radiotelegraphy has had on science and, in 
the first place, on physics, the mother of wireless telegraphy. 


L 


I have to begin with that domain of physies in which wireless 
telegraphy was raised and which naturally first felt the influence 
of the new art, —I mean the theory of oscillations. 

The old equation of Kirchhoff and Lord Kelvin: 


edo fi dt- 
^ di t C t E 


determining the free or forced oscillations of a circuit respectively 
depending on whether or not the impressed emf e is equal to 
zero, still holds. But owing to the experience gained in radio- 
telegraphy we know that this equation covers possibilities never 
thought of at the time when it was developed. At that time it 
would have been almost absurd to mean by L, R, and C anything 
but constants of the circuit independent of the current in it. 
Thus for free oscillations the result was 2 —1e-*' sin (wt+a’) i.e., 
an oscillation having the cyclic frequency w=1/.\/LC and an 
amplitude decreasing with time according to an exponential 
law. For dozens of years this was considered the only solution 
to the above equation. 
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But very soon after the beginning of radiotelegraphy, at the 
time when the transmitters with their crashing and blinding 
sparks appeared to be more nearly lightning factories than 
technical apparatus, there arose some doubt as to whether the 
previously mentioned solution held for circuits including a spark 
gap. It was at least not self-evident that the energy absorbed 
by a spark during a time element dé should be determined by the 


Fig.1 — Decay of Amplitude in Cireuit Including a Spark. 


same law as that in an ohmic resistance and hence could be 
expressed by a term Rz?dt, where R is a constant. By means of 
a Braun eathode-ray tube the author made careful measurements 
with a circuit containing a spark gap and very little ohmic re- 
sistance, and plotted the amplitude of its oscillations against 
time. I found a curve like that in Fig. 1, which is copied from 
my original paper! and which shows that the decay of amplitude 


CURRENT 


TIME 
Fig. 2—Increase of Current at Closing an Are Generator. 


follows a linear rather than an exponential law, which means 
that in a circuit containing a spark the term £ cannot be regarded 
as a constant. 

Interesting as this may have been from a physical point of 
view, practically it does not make much difference whether the 
amplitude decreases according to a linear or an exponential 


1J. Zenneck, Ann. Phys., 13, 822, 1904. 
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law. When, however, the are and tube generator came into view, 
it meant radieally new and hitherto unthought-of possibilities. 
If, for instance, the circuit of an arc generator is closed we get 
in the circuit an oscillatory current as shown in the oscillogram 
of Fig. 2 (which the author took a long time ago with a Braun 
tube?); and the corresponding curves for a tube generator are 
very similar. From such eurves it is seen that the amplitude 
first increases and finally reaches a constant value. If we main- 
tain, at least formally, our equation above, the resistance term 
R has first a negative value, which gradually decreases to zero. 
If some thirty years ago someone had proposed to discuss the 
above equation under the assumption of a negative resistance 
R, it may be that a mathematician would have been willing to 
do so, because it is irrelevant to him whether a term has a posi- 


e t —T 


Fig. 8—Resonance Curve of a Tube Generator when Impressed by 

an emf of Constant Amplitude but Variable Frequency f. 
tive or a negative sign. But I am sure that a physicist would 
have indignantly refused to consider a negative resistance which 
he would have looked upon as a physical absurdity. In the mean- 
time we have learned that in an oscillatory cireuit, when pro- 
perly connected to an are or tube, the energy delivered may 
exceed that absorbed in the circuit and that we might well bring 
such a circuit within the scope of our equation by attributing to 
it a negative resistance the value of which decreases with in- 
creasing amplitude of the current. 

Moreover, if in such a circuit with self-sustained oscillations 
of frequency say fo an emf is applied, the frequency f of which 
is being gradually varied, we expect to get in the system two 
oscillations, one being the self-sustained free oscillation of con- 
stant frequency fo and another the forced oscillation of the varia- 
ble frequency f. We further expect that the effective value of 


? J. Zenneck, Ann. Phys., 43, 481, 1914. 
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the current will be the resultant of the two oscillations and 
therefore that the resonance curve will have the shape of the 
dotted curve in Fig. 3, where ab corresponds to the effective 
value of the sustained oscillations of frequency fo. What we actu- 
ally get? is the solid eurve of Fig. 3. When we examine the fre- 
quency of the oscillations produced we find that between the 
points A and B there are no free oscillations of frequency fo, 
but only forced oscillations of the variable frequency f. This 
phenomenon is well-known in oscillating audion reception. As 
Dr. B. van der Polt has shown, it may be interpreted as another 
result of a resistance the sign and value of which depend upon 
the amplitude of the current. 


/ 
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Fig. 4—Voltage-Current Characteristic of a Circuit Containing a Closed 
Iron Core. 


In addition to systems with variable resistance we have to 
deal with circuits of variable inductance such as those containing 
an iron core as is used in magnetic frequency changers. Now, 
in a circuit with constant resistance and inductance the voltage- 
current characteristic of forced oscillations is determined by 


/ 1 Xd 
uci 4 R+ (or -5) (8) 


giving a straight line such as the dotted line OP in Fig. 4, when 
the impressed emf u is plotted against the current. Instead of 
that, the characteristic of a circuit containing an iron-core coil has * 
the form of the solid curve of Fig. 4. It exhibits a materially 

3 Vincent, Proc. Phys. Soc. London, 32, 84, 1920; F. Rossmann and 
J. Zenneck, Jahrb. d. Draht. Tel., 24, 47, 1924. 


* B. van der Pol, Jr., Tijdschr. Nederl. Radiogenootschap, 2, 56, 1924; 
Phil. Mag. (7) 3, 65, 1927. 
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new effect? which is easily seen when we gradually increase the 
voltage. Up to the value AA' the current also gradually in- 
creases, but when the voltage exceeds this value by a small 
amount, the current suddenly jumps from the value OA' to the 
much higher value OB’. This effect which we call kipperschei- 
nung (unbalance or instability effect) may be very dangerous, 
since the heavy current and the correspondingly high voltages 
at the inductance and condensers may be damaging to the plant. 
In 1915 when making our first experiments with the machine 
transmitter at Sayville, in which magnetic frequency changers 
were used, we got this effect. I well remember how frightened 
we were when our ammeter suddenly jumped to about double 
the normal value after we had increased the voltage by an in- 
appreciable amount. We also saw that when the value ofthe 


Em 


Fig. 5—Resonance Curves of a Circuit Containing a Closed Iron Core 
when Impressed by an emf of Constant Amplitude but 
Variable Frequency f. 


impressed voltage was kept constant while its frequency was 
gradually varied, we got resonance curves of the kind drawn in 
Fig. 5 for two different voltages. In consequence of this experi- 
ence and in order to avoid trouble caused by our lack of knowl- 
edge of the working conditions of such a transmitter, I tried to 
treat the matter theoretically and on September Ist, 1915, 
almost exactly thirteen years ago, I read a paper before this 
Institute on “A Contribution to the Theory of Magnetic Fre- 
quency Changers” in which I reported the results of my theore- 
tical investigation. 

* O. Martienssen, Phys. Zeits., 11, 448, 1910. H. Schunck and J. 
Zenneck, Jahrb. d. Draht. Tel., 23, 63, 1924. 


5 J. Zenneck, Proc. I. R. E., 8, 463, 1920. Paper read before the 
Institute, September 1, 1915. 
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In a loaded frequency changer, we are of course concerned 
with coupled cireuits. The situation with coupled circuits also 
has changed materially since pre-radio times. The very funda- 
ment of previous coupling theory has been touched upon. Take 
for instance inductive coupling such as shown in the upper part 
of Fig. 6. It consists of an 

i I di 
emf = —Li.—— 
12 ai 
impressed on the secondary from the primary circuit and of a 
reactive 
di» 
emf = — Lo- : 


induced in the primary. Now, in every textbook of physics you 
find as a basic relation 


L= 421 


Generally speaking, this means that whenever conditions are 
such as to produce a strong effect by the primary on the second- 
ary circuit, it necessarily implies a strong reaction of the second- 


Ldel 


Fig. 6—Upper Part: inductive coupling of two circuits. Lower Part: 
inductive coupling of two circuits through an amplifier tube. 
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ary on the primary. This, of course, does not hold today. As 
far as I am aware Mr. Armstrong’ was the first to call attention 
to the fact that by coupling two circuits through an amplifier 


1 E. H. Armstrong, Proc. I. R. E., 5, 145, 1917. 
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tube, as shown in the lower part of Fig. 6, it is readily possible 
to have the secondary circuit strongly influenced by the primary 
without at the same time experiencing any appreciable reaction 
from the secondary on the primary. 

Furthermore it is a well-known result of the theory of tuned 
coupled circuits, that when the coupling is tight, in the primary 
as well as the secondary circuit, the same two coupling oscilla- 
tions appear. Since the frequencies of these two oscillations are 
different, the time curves of the primary and secondary currents 


Fig. 7—Upper Curves: damped oscillations in two tightly coupled circuits. 
Lower Curves: damped oscillations in two tightly coupled 
circuits, the primary including a quenching gap. 


are of the forms of the first and second curves respectively in 
Fig. 7. We have known for a long time that we may get a totally 
different effect, as represented by the third and fourth curves 
in Fig. 7, if in the primary circuit, instead of an ordinary spark 
gap a proper quenching gap, such as the mercury vapor lamp of 
Cooper Hewitt or the extremely short gap of M. Wien, is used. 
In such a case the function of the primary circuit is almost ex- 
clusively to excite, by a kind of impulse, the free oscillations of 
the secondary circuit. 


Zenneck: Importance of Radiotelegraphy in Science 97 


Some years ago a new form of impulse excitation came up— 
the magnetic synchronized impulse excitation—in the secondary 
circuit of which almost undamped oscillations of a frequency 
much higher than that of the primary circuit may be produced. 
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Fig. 8— Magnetic Synchronized Impulse Excitation. 


For this purpose in the primary circuit (I, Fig. 8) containing the 
alternator in addition to a large air-core inductance Jy, the pri- 
mary of an iron-core transformer is inserted, the iron of which 
becomes highly saturated by the current used. In this case the 


Fig. 9— Magnetic Synchronized Impulse Excitation. 
Secondary current plotted against primary current. 


emf induced in the secondary (II, Fig. 8) circuit is of the form of 
the heavy curve e of Fig. 8. If, then, the secondary circuit is tuned 
to a high odd multiple of the primary frequency, its oscillations 
as shown by curve 2; in Fig. 8 receive a new impulse twice per 
period of the primary circuit, and in the meantime between two 
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impulses are falling off according to the decrement of the circuit. 
If this decrement is small or if special means are employed to 
offset the effect of the natural decrement, almost undamped 
oscillations in the secondary circuit are produced. This is best 
proved by the photograph of Fig. 9, a Lissajou figure taken on 
such a device with a Braun tube, where the secondary current of 
15 times the frequency of the primary is plotted against the 
primary current. In this photograph the damping of the second- 
ary oscillations is noticeable but very small. Incidentally, this 
photograph with its well-defined clean-cut curve may show you 
that we have developed the technique of the Braun cathode-ray 
tube fairly well. 

Since the output of the device just mentioned is a current of 
much higher frequency than that delivered by the alternator, 
the device may be and generally is considered one for frequency 


Fig. 10.—The Author's Device for Frequency Doubling. 


multiplication. Multiplication of frequency is another field which 
radiotelegraphy has contributed to the province of oscillations. 
As far as I am aware, I was the first to disclose the idea of fre- 
quency multiplication by static frequency changers. In one of 
the weekly meetings in the physical laboratory of Professor 
Braun the advantages of undamped waves for radiotelegraphy 
had been discussed. There was general agreement that at the 
time it seemed hopeless to think of generating such oscillations 
of sufficiently high frequency by an alternator. After this meet- 
ing it occurred to me that it might be possible to multiply the 
frequency of a given alternating current and ina paper? which 
was published in 1899 under the heading “A Method for the 
Transformation of Frequency by Means of A Static Transformer,” 
I described the arrangement of Fig. 10 which is taken from the 
original paper. The primary current was divided into two 


8 J. Zenneck, Ann. Phys. Chem., 69, 858, 1899. 
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branches, each containing an electrolytic valve (the only electric 
valves then known to me) and a coil, both coils being wound on 
the same iron core. I showed by oscillograms taken with a Braun 
tube that in a third coil wound on the same core a current of 
double frequency was produced. Of course my arrangement had 
very poor efficiency, but as was frequently the case in radio- 
telegraphy, when an idea was once proposed, the problem of its 
realization was attacked upon a number of different lines. Thus 
some years later I. Epstein described? the well-known arrange- 
ment of Fig. 11 for frequency doubling. In this system the 
magnetic properties of an iron-core coil with direct-cnrrent 
saturation are employed. For a dozen years this method has been 


Fig. 11—Epstein’s Device for Frequency Doubling. 


in constant use for the transatlantie radio service of Nauen and 
many other commercial stations, including that at Sayville, 
Long Island from 1915 to 1917. 

Now frequency multiplieation is but one instance of the 
interesting frequency situation as generated by the needs and 
means of radiotelegraphy. That in addition to a frequency 
multiplication a frequency demultiplication or frequency division 
should be possible will be obvious to anybody who knows that, 
mathematically, division is the inversion of multiplication, and 
who is not aware of how difficult it is sometimes to get the physi- 
cal equivalent of a mathematical operation. I may refer in this 
connection to the above-mentioned problem of reversiug the 
sign of a resistance. Asa matter of fact present conditions are 
such that a current of a given frequency may be changed into 
one of any other frequency. Not only are we able to filter out 


? J. Epstein, DRP, 245; 445 (1903). 
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of the oscillations generated by a low-frequency source its high- 
frequeney harmonies, or to produce a low-frequency current by 
beating two high-frequency oscillations, but we also have means 
for passing from one audio frequency to another by means 
of modulating, filtering, and heterodyning radio-frequency cur- 
rents. I wonder if in the near future music will take advantage 
of this possibility. For instance by using such a frequency 
changing device and a loudspeaker a bass singer may, if needed, 
appear as a tenor or when a flautist should play a number in 
A flat major which is very uncomfortable on a flute, he might 
well play it in D major which is much easier and then by a fre- 
quency-changing device and loudspeaker transpose it into A flat 
major. 


Xr Snc 


Fig. 12—Circuit Arrangement for Producing Self-modulated Oscillations. 


Before leaving frequency changers and coupled circuits I 
would like to mention a curious effect! produced by the harm- 
less-looking arrangement shown in Fig. 12, in which two circuits 
are tightly coupled, the primary containing the generator, the 
secondary a coil with closed iron core. Such a device may give 
eurrents as shown in the Braun tube oscillograms of Fig. 13. 
The primary as well as the secondary current seems to have been 
automatically modulated. This may be of interest forthe 
following reasons: whenever a generator of constant frequency 
and constant amplitude acts upon a system of circuits it is a 
general assumption that whatever conditions may be, the cur- 
rents in these circuits will have constant amplitude, at any 
rate after the transient phenomena have disappeared. This as- 


1? K. Heegner, Zeits. f. Phys., 29, 91, 1924. H. Plendl, F. Sammer, 
and J. Zenneck, Jahrb. d. Draht. Tel., 26, 104, 1925. 
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sumption is expressed by putting the current in any of the 
circuits in the form 

i= [e.t 
That there are cases where this almost self-evident assumption 
does not correspond with the fact is shown by the experiments 
just mentioned. 

These examples may be sufficient to demonstrate how far, 
compared with the classic theory of oscillations, our knowledge 
in this field has been extended by the problems and experiences 
met with in radiotelegraphy. 


II. 


At least as important as the suggestions and problems which 
physics was given by radiotelegraphy are the instrumentalities 
which radiotelegraphy added to the experimental resources of 
physies. 

All of you know how troublesome it was to measure a weak 
alternating current. While it is a simple matter to measure a 
direct current of the order of 10-? ampere by a moving coil 
galvanometer, or even one of the order of 107? or 107? ampere 
with an armored fixed-coil galvanometer having an astatie sys- 
tem, the best we had for the measurement of feeble alternating 
currents was the vacuum thermo-couple used with a sensitive 
direct-current galvanometer. Compared, however, with the 
present means for measuring direct currents this method is 
extremely insensitive. Nowadays radiotelegraphy has furnished 
us with means such as good crystal detectors, Fleming valves, 
De Forest audions, and all those methods known as tube am- 
meters and voltmeters which have made measuring weak alter- 
nating currents and voltages a pleasure. 

In addition to rectifiers for feeble currents radiotelegraphy 
has provided high-vacuum rectifiers for heavy loads such as the 
Kenotron of the General Electric Company. The modern Roent- 
gen ray methods are made use of extensively to produce direct 
currents of extremely high voltage needed for operating present 
day Roentgen ray tubes. These rectifiers have entirely super- 
seded the old synchronous mechanical commutators which were 
formerly used for rectifying alternating current of high voltage. 
I am sure that no one working in a physical laboratory will 
regret the disappearance of this apparatus as the sparks and the 
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undesired oscillations they excited in all more or less nearby 
conductors were about as weleome in a physical laboratory as 
hail in a corn field. And modern Roentgen ray tubes themselves, 
with their high vacuum and their heated cathodes such as those 
developed by Dr. Coolidge, have grown in the same field where 
the electron tubes of radiotelegraphy were raised. 

Coming now to the electron tube as an amplifier I am almost 
afraid to say anything. So general has become its use in experi- 
mental physies that when we talk of a tube we mean an amplifier 
tube, and when we mention an amplifier, everyone understands 
that we mean a tube amplifier. When we read a paper on an 
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Fig. 13— Primary and Secondary Cireuit as Produced 
by the Device of Fig. 12. 


experimental investigation we are greatly astonished if no 
amplifier tube is used. Asa matter of fact with the amplifier 
tube the experimental situation has become such that almost 
any effect, feeble as it may be, can be amplified to such a degree 
as to be measured, oscillographed, made audible or visible. A 
few instances may illustrate that. 

In the photometry of stars, by means of the photoelectric 
cell, direct currents of the order of magnitude of 107* ampere 
have to be dealt with. According to experiments made by H. 
Rosenberg" it is possible without appreciably affecting the pro- 
portionality between light intensity and current to amplify these 


n H. Rosenberg, Berl. Ber., 53, 716, 1920. 
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currents about 100,000 times, so as to measure them by a mov- 
ing coil galvanometer. 

For dosing Roentgen rays it is common practice to measure 
the current produced by them in an ionization chamber. These 
currents are of the order of magnitude of 107? ampere. Com- 
mercial apparatus is now being built? in which, by a single 4- 
electrode tube, these currents are amplified and then measured 
by a direct reading moving coil galvanometer with a sensitivity 
of 2.6X 10-7 ampere per scale division. Such apparatus can be 
handled by any physician while the former electrometric method 
for measuring these ionization currents was too complicated to 
be left to a regular doctor. 


Fig. 14—Geiger Counter. 


Another example is the arrangement of Fig. 14 representing 
the well-known Geiger counter, a metallic cylinder C closed at 
the front by a mica disk G, in the interior of the cylinder and 
insulated from it a metallic point S such as a sewing needle, 
between the point and the cylinder a battery B and a high 
resistance R, connected between the grid and filament of the 
first tube of a multi-stage amplifier A, the output of which is 
fed into a loudspeaker. The voltage of the battery is such 
that no glow discharge is started between the point and the 
cylinder. If now a radioactive substance emitting alpha particles 
is placed near the mica disk, a very loud and sharp crack is pro- - 
duced in the loudspeaker every time an alpha particle is shot 
through the disk into the interior of the chamber, ionizing the 
air in it. If Roentgen rays are sent into the cylinder, a great 


? K. W. Hausser, R. Jaeger, and W. Vahle, Wissensch. Verüffentl. 
des Siemens-Konzerns, 2, 325, 1922. 
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number of cracks are heard corresponding to the separation of 
electrons from the atoms and their ionization effect. This experi- 
ment, which may be made easily in even a large lecture room, 
represents an interesting acoustic analogue to the well-known 
experiments of C. T. R. Wilson, by which these effects are made 
visible. 

To take still another example, if the magnetization of a steel 
bar or steel needle is reversed, the change in magnetization does 
not take place gradually, but in small steps when, according to 
Ewing’s view, groups of magnetic elements—whatever they may 
be—tilt over. This effect may be made audible in a large lecture 
room by an arrangement due to Barkhausen.'? The steel needles 
or bars are placed in a coil with a large number of turns; connected 
to this coil, through a multi-stage amplifier, is a loudspeaker. If 
now a strong permanent magnet is moved along the coil and steel 
bars, a roaring is heard in the loudspeaker owing to the discon- 
tinuous change in magnetization. I have mentioned these two 
last devices in order to show how, by means of an amplifier, 
elementary processes have been made directly accessible, the 
existence of which could hitherto be inferred only from their 
integral effect. 

The most wonderful achievement in radiotelegraphy in my 
opinion is the tube generator. In stating that, I do not think of 
detracting from the merits of thóse who, following the steps of 
Nikola Tesla, built alternators for the production of undamped 
oscillations. On the contrary I feel that these alternators, together 
with their frequency-controlling devices such as those of Mr. Alex- 
anderson, represent the most ingenious products of the electrical 
art. I also fully appreciate V. Poulsen’s are generator which with 
extreme simplicity combines the possibility of very large units. 
From the very beginning of radiotelegraphy it was a dream of all 
connected with it, to be able to work with undamped oscilla- 
tions. In view of the apparent advantages of such oscillations 
the problem of generating them was tried from all possible lines 
of attack. I do not think that twenty years ago anyone would 
have dared to dream of a generator such as the tube generator 
which, with relatively simple apparatus, would produce un- 
damped oscillations up to a frequency of 30,000,000 per second 
or more with a constancy of amplitude and frequency unsurpassed 
by any other generator, and which when required could be modu- 
lated very easily by an audio-frequency current. 


5 H. Barkhausen, Phys. Zeits., 20, 401, 1919. 
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Of course I am aware that I am not quite correct in saying 
that the constancy in frequency of the tube generator is unsur- 
passed by any other generator. As a matter of fact it is surpassed 
by the tube generator itself when combined with a piezo-electric 
quartz crystal. I do not desire to dwell upon the practical aspect 
of this contribution to radiotelegraphy by Professor Cady.* What 
I want to emphasize is its importance from a general point of 
view. Piezo electricity is one of those physieal phenomena which 
was considered more or less a euriosity even by physicists. Just 
as in the case of electron emission from hot wires some thirty years 
ago no physicist, and surely no engineer, would have believed 
that it would ever be of any practical use. We know now that this 
phenomenon of piezo electricity has led to an electric oscillator of 
most valuable properties. It is one of those instances I refer to in 
warning engineering students in my lectures against the idea 
that this or that physical phenomenon will never be of practical 
use and that for this reason they may themselves refrain from 
beirtg interested in it. Furthermore by the piezo-electric oscillator 
it has been demonstrated that erystals may be capable of me- 
chanical or elastic vibrations of a frequency of the order of some 
millions per second and of a decrement as low as 0.0001. I am 
convinced that no physicist would have believed that this would 
be possible. I freely confess that if before the piezo-electric 
oscillator was developed, a gentleman had come to my laboratory 
and had told me that he had made an invention by means of 
which it was possible to excite elastic vibrations in a quartz 
erystal up to a frequency of some millions per second, I would 
have treated him very politely but would have recommended 
that he see a doctor. 

To come back to the tube generator, I need not tell you that 
for radio-frequency measurements it has become the only oscilla- 
tor which is now used. Itis especially valuable in connection 
with Professor R. A. Fessenden’s heterodyne principle, not in 
the original form but in one adapted to this oscillator. As a 
matter of fact, any minute change in almost any physical pro- 
perty may be detected and measured by this method, sinee it is 
practically always possible by this change to influence the fre- 
quency of a tube oscillator and thus vary the beat frequency 
produced by the interaction of this oscillation with one of con- 
stant frequency. For instance it is obvious that by this method 


^ W. G. Cady, Proc. I. R. E., 10, 88, 1922. 
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the dielectric constant of gases, as dependent upon pressure, 
may be determined readily by simply putting the condenser of 
the variable generator into the gas, or by making one plate 
(B, Fig. 15) of the condenser movable; extremely small displace- 
ments of it may then be measured. This scheme as represented 
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Fig. 15—Device for Measuring Small Displacements. 


in Fig. 15 was worked out by R. Whiddington.5 He succeeded 
in measuring displacements of the order of 10-3 em, that is, 
of the dimension of atoms. This means an accuracy far beyond 
that obtained by light interference methods. That by a similar 
arrangement a small extension by heat of any solid material, 


Knatlbild auf dem Dach. 


Fig. 16—Curve t: time marks of 1/32 sec. Curve a: time curve 
of air pressure in shock test. 


that small rotations of parts of seconds of angle, that minute 
movements of the beam of a highly sensitive balance! may be 
measured, is evident. I only mention it to demonstrate the wide 
scope of this method. 

15 R. Whiddington, Phil. Mag., 40, 634, 1920. 


16 A. Pflüger, Phys. Zeits., 22, 73, 1921. 
1 F. Kock and G. Schweickert, Phys. Zeits., 23, 123, 1922. 
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III. 


One of the most striking consequences of radiotelegraphy is 
the revival of the study of acoustics. For a long time this study 
had been somewhat discredited, so that a physicist working in 
this field was suspected of failing to find an important problem. 
This situation has been entirely changed. On one hand, radio- 
telegraphy has brought up new acoustical problems such as 
the proper construction of rooms for broadcasting studios, the 
design of good microphones and loudspeakers. On the other 
hand, radiotelegraphy has supplied physical and physiological 


Fig. 17—Lecture Room for Physics at the Institute of 
Technology in Munich. 


acoustics with new experimental means, with its tube generators, 
its amplifiers, and its high-grade microphones. Thus it became 
possible to attack successfully problems which a long time ago 
had been abandoned as practically hopeless, such as the problem 
of experimentally determining and, if necessary, improving the 
acoustical properties of a room. To illustrate this I would like 
to report briefly on experiments'® made at my suggestion by two 
of my pupils, Messrs. Scharstein and Schindelin. For the acous- 
tical investigation of rooms we used two methods. In the first 
method, which we called the shock test, a shot was fired from a 


18 To be published soon in the Ann. Phys. 
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small 22-calibre pistol and the time curve of the air pressure at 
some point in the room was registered by means of a Reiss micro- 
phone, a multi-stage amplifier with resistance-capacity coupling, 
and a Siemens oscillograph. The curve received in free air, that 
is, on the roof of my laboratory, was that reproduced in curve 
3a of Fig. 16. In the second method, which we called the tone 
test, an audio-frequency tube generator with a loudspeaker in 
connection with a rotary interrupter sent out groups of tones 
at regular intervals, and again the time curve of air pressure as 
produced by this tone group in the room to be investigated was 
oscillographed. 

I want to show you two results. The first is that of the 
shock test of my lecture room, a photograph of which is shown 
in Fig. 17 and an elevation in Fig. 18. As you see from the photo- 
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Fig. 18—Elevation of the Lecture Room of Fig. 17. 


graph the room resembles an amphitheater of very simple geo- 
metrical form. In carrying out the shock test of this room, the 
pistol was fired at about the geometrical center of the room, 
i.e., at point a of Fig. 18 and close to it was the receiving micro- 
phone. The oscillogram as produced in the empty lecture room 
is that of the second curve in Fig. 19 while the first and third 
curves represent time marks of 1/32 of a second given by a 
tuning-fork interrupter. There is to be seen in theoscillogram 
first the direct shot then the reflections from each row of benches, 
that from the first row with maximum and those from the others 
with decreasing intensity, and finally the reflection at the gallery. 
In the full lecture room as shown by the fourth curve in Fig. 19, 
the reflections at the benches almost disappear because of the dis- 
turbing effect of the students sitting on the benches. There is 
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only left that at the front of the first bench and that at the 
gallery. In view of the accuracy with which all details of such a 
room are reproduced in the oscillogram, it almost might be 
called an acoustic photograph although this expression might 
be seriously objected to from a philolgical point of view. The 
great advantage of this shock test is that from the time interval 
between the direct shot and its reflection sometimes in connec- 
tion with the directive property of the pistol shot, it is possible 
even in complicated cases to place with great exactness that 
portion of the room in which a reflection takes place and which 
may be the source of a disturbing echo in the room. Considering 
the precision of such measurements, a few weeks ago we had a 
very curious experience. I received a letter from the University 


Fig. 19—Oscillogram of Shock Test in the Lecture Room of Fig. 17. 


of Freiburg in Baden asking if it was not possible to find out the 
reason for their auditorium having extremely poor acoustical 
properties. I sent the above-mentioned engineers there, and they 
first made a shock test of the auditorium. Their oscillograms 
showed strong reflections. When, however, they tried to locate 
the reflecting surface by comparing the time intervals with the 
plan of the auditorium they met with serious difficulties. They 
repeated their experiments after having checked their tuning- 
fork interrupter, but got the same results. Finally they began 
to doubt the correctness of the plans and measured the main 
dimensions of the auditorium. They found that the r acoustical 
measurements had been correct but the plan was inaccurate. 
Thus, having the correct dimensions, it was easy to find the re- 
flecting surfaces. 
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As an example of a tone test I have reproduced in curve la 
of Fig. 20 the oscillogram obtained at the studio of the broadcast 
transmitter in Munich, while curve lt gives the time marks and 
curve 1b the current in the loudspeaker. The oscillogram shows 
only one weak reflection following the direct sound at a very 
short interval. The tone groups are clearly separated from each 
other, corresponding to the relatively good acoustic proporties of 
the room. In strong contrast thereto is the corresponding oscillo- 
gram—(curve 2a)—taken in a hall of the Institute of Technology 
at Munich, having an arched stone ceiling and a stone floor. 
The oscillogram clearly exhibits the very bad acoustic properties 
of the room, the tone groups being completely mixed up; with 
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Fig. 20—Oscillograms of Tone Tests. Curve 1: in the studio of the broad- 

cast transmitter in Munich. Curve 2: in an entrance hall of the 


Institute of Technology in Munich. Curve 3: the same as in eurve 2| 
but the floor having been covered with a sound absorbing material. 


the ear tone groups cannot be distinguished at all. Conditions 
were still worse when the frequency of the tone used coincided 
with that of a free oscillation of the hall. If now the acoustical 
conditions were examined by a shock test, it was found that the 
path of the sound rays was approximately that shown in the lower 
part of Fig. 21, the loudspeaker being at the point of the shaded 
circle. As shown by this drawing the sound is first reflected at 
the arched ceiling, concentrated near the floor and then re- 
flected by it, then reflected again at the ceiling and so on. This 
goes on for many seonds owing to the absorption by the ceiling 
as well as that by the floor being very weak. Now it was to be 
expected that this almost infinite series could be cut off after 
the first term if the sound could be absorbed at its first arrival 
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from the ceiling. We did this by covering the floor with molton, 
which is a thick fabric. The result will be seen from curve 3a in 
Fig. 20. This shows that by simply covering the floor the former 
extremely bad acoustic properties of the hall were improved to 
such a degree that they were not much inferior to those of the 
broadcast studio represented by curve la. Interesting in this con- 
nection is the fact that by covering the floor the bad acoustic in- 
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Fig. 21—Elevation of the Hall (to which eurves 2 and 3 of Fig. 20 
refer) and Path of Sound Rays. 
fluence of the ceiling has been eliminated, aside from the first 
reflection thereon, which however is relatively harmless, since it 
follows the direct sound at a very short interval. Still more 
interesting is the following observation made in the course of these 
experiments. When the source of sound is located at the side of 
the hall, the sound rays by the first reflection from the arched 
ceiling are concentrated on a relatively small part of the floor. 
If, then, this part only is covered by a sound absorbing material, 
practically the same result is obtained as if the whole floor had 
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been covered. In our experiments a piece of molton four square 
meters in size was sufficient. It was very interesting to hear 
the sound of the interrupted loudspeaker in the hall suddenly 
change when this piece of molton was alternately put down and 
taken away. There are many instances such as lecture rooms 
or churches, where the speaker always stands at the same place. 
From the experience just mentioned it is to be concluded that 
in such cases it might be possible to improve the acoustic pro- 
perties of the room by very simple means, of course for only one 
definite position of the speaker. 
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Fig. 22—Time Curves of the Vowels e and a. 


As further evidence of how far the experimental methods 
furnished by radiotelegraphy came into use in acoustics I want 
to quote the experiments recently made with oscillations of ultra- 
sonie frequency of the order of some 100,000 per second. How 
closely modern acoustic methods are coupled with radiote- 
legraphy can be best proven from the fact that it is now common 
practice to publish papers on acoustics in journals of radiote- 
legraphy such as the PRocEEDiINGS of the Institute. 

It is also but natural that physiological acoustics, which of 
course is closely related to physical acousties, enjoys the experi- 
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mental means afforded by radiotelegraphy.? Let me show just 
one instance. In Fig. 22 there are reproduced the time curves 
of the vowels a (as in “are”) and e (as in *Ellen") which were 
taken in my laboratory with a Reiss microphone, a resistance- 
capacity coupled multi-stage amplifier, and a Siemens oscillo- 
graph. The progress obtained by these modern experimental 
means cannot be better demonstrated than by comparing those 
curves showing the finest details of sound with the corresponding 
curves as formerly taken with the so-called manometric boxes 
and flames. 

It is but recently that medical science is beginning to make use 
of the apparatus developed in radiotelegraphy and in modern 
acoustics. To illustrate this I want to show you, from a paper 
by H. Trendelenburg,” two records of heart sounds taken with a 
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Fig. 23—Time Curves of Heart Sounds. 


similar arrangement to that above mentioned except that the 
microphone used was the excellent high-frequency condenser 
microphone constructed by H. Riegger of the Siemens and 
Halske Co. The second curve of Fig. 23 shows the time curve of 
the heart sound of a healthy man of 31 years while the third 
curve of the same figure represents the corresponding record 
obtained with a woman of 70 years of age suffering from a 
serious heart disease. There is certainly no knowledge of medicine 
needed to realize that such curves afford a much more reliable 
basis for diagnosis than mere listening to the sound as was 
hitherto general practice. 
19 F, Trendelenburg, Jahrb. d. Draht Tel., 28, 54, 84, 1926. 


20 F, Trendelenburg, Wissenschaftl. Veróffentlichungen aus dem 
Siemens- Konzern, 6, 184, 1928. 
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It would be an attractive proposition to discuss now one 
science which recently came into close contact with radiote- 
legraphy—the physies of the atmosphere. "There can be no doubt 
that the recent investigations into the propagation of radio 
waves are of extreme interest for radiotelegraphy itself. But 
with regard to the physics of the atmosphere it is hardly possible 
to draw therefrom any conclusions which go beyond a rather 
rough estimation of the electron density in different heights. 
Similar is the case with the influence on the propagation of radio 
waves of solar activity as discussed in the well-known papers 
by Dr. L. W. Austin and G. W. Pickard. It seems to me that 
we are only at the beginning of an interesting development which, 
however, is encountering special difficulties since it lacks the main 
requirement of experiments, the modification of conditions at 
wil. It would seem premature to go into any details today. 

I have tried to illustrate by a few examples what science in 
the most general sense of the word owes to radiotelegraphy. 
The importance of a scientific discovery or of a technical invention 
may be judged from the practical results obtained, or from the 
impetus it has given to the development of science and to the 
enlargement of general human knowledge. From either point of 
view it seems to me that there is nothing to be compared with 
radiotelegraphy, and this country and the members of this 
Institute may be proud of the original ideas they have produced 
and of what they have done for the scientific and practical de- 
velopment of this art. 
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AN AUXILIARY FREQUENCY CONTROL FOR 
R. F. OSCILLATORS* 


Bv 
G. F. LAMPKIN 

Sum mary—A method of varying the frequency of an oscillator in small 
known amounts is described. The control operates on the normally fixed element 
in the oscillating circuit. The vernier calibration is readily made and maintained. 
ETERMINATION of the overall characteristics of a 
D receiving set requires that some sort of a local mod- 
ulated oscillator be used to simulate a transmitting 
station. Determination of the particular characteristic of selec- 
tivity necessitates that the oscillator frequency be capable of 
variation in small steps about any given frequency. To obtain 
transmission-frequency characteristics of single circuits, band- 
pass filters, coupled circuits, and so on, an auxiliary control of the 
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Fig. 1—Frequency-Capacity Relation for Oscillating Circuit. 


same sort is needed. It is the purpose of this paper to describe a 
method for varying the frequency of an oscillator in small, con- 
tinuous, and known amounts about any frequency in the oscil- 
lator range. 


* Dewey decimal classification: R351. Original manuscript received 
by the Institute, September 22, 1928. 
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The usual oscillator employs a variable condenser as a means 
of covering the frequency range. A small semi-circular plate 
condenser can be used in parallel as a vernier frequency control. 
The calibrations of frequency change vs. dial setting will be 
straight lines for any given setting of the main control. How- 
ever, the value of cycle change per auxiliary-dial division will vary 
widely over the oscillator range. This is evident from the mea- 
sured frequency-capacity relation, Fig. 1, for a typical oscillator. 


pod em 


Fig. 2a—Oscillator Circuit with Capacitive Auxiliary Frequency Control. 


At 600 ke a small auxiliary condenser would produce a change of 
281 cycles per uuf. At 1400 ke the change would be 18 times as 
great, or 5060 cycles per uuf. This extreme variation in the cal- 
ibration constant is not only inconvenient in itself, but it lowers 
the precision of control at higher frequencies. 

A remedy can be had in a circuit such as Fig. 2a, or vice versa, 
2b. Element A in each circuit represents the main tuning control 
and element B the auxiliary frequency control. The auxiliary 


Fig. 2b—Oscillator Circuit with Inductive Auxiliary Frequency Control. 


operates on the fixed element of the oscillating circuit. The 
change in total capacity, or total inductance, due to the auxiliary 
is then nearly constant over the oscillator frequency range. 

Fig. 3 shows the calibration curves that were obtained on an 
oscillator of the type in Fig. 2a. A variable inductor of 38 to 370 
uh was the main tuning control. The double condenser capacity 
was 320-320 uuf; the maximum capacity of the auxiliary was 8.6 
uuf. The calibrations obtained are straight lines; the ratio of the 
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slopes at 1400 ke and 625 ke is approximately 2. These auxiliary 
calibrations were determined by picking up and heterodyning in 
a detector a small fraction of the oscillator output. The frequency 
of the beat was measured by sound comparison with a calibrated 
audio oscillator. 
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Fig. 3—Calibration of Auxiliary Frequency Control. Slope for 1400 
ke =326 cycles/division; 1000 ke=249 cycles/division; 625 kc =154 
cycles/division. 

Since the change-in-frequency calibrations are straight lines, 
a value of cycles change per auxiliary-dial division can be deter- 
mined for each carrier frequency, and the resulting curve plotted. 
This curve for the particular oscillator is given in Fig. 4. Thus at 
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Fig. 4— Calibration of Auxiliary Frequency Control. 


any given oscillator frequency the change in frequency due to the 
auxiliary is known. If the auxiliary control were made a small 
variometer, and the main control a straight-line-frequency con- 
denser, then the calibrations of both the main and auxiliary 
frequency controls would be linear. 
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A METHOD OF TREATING RESISTANCE STABILIZED 
RADIO-FREQUENCY AMPLIFYING CIRCUITS* 


By 
B. L. SNAVELY AND J. S. WEBB 
(Department of Physics, Lehigh University, Bethlehem, Pennsylvania) 


Summary.—An equation is developed showing the relation between 
the circuit constants and the critical resistance in a resistance stabilized 
amplifier having a tuned grid circuit and a pure inductance plate load. In 
the derivation of this equation it has been found necessary to assume the 
grid to filament capacity to be zero. Equations are given which may serve 
as a basis for approximation formulas which will take this capacity into 
account. 

The experimental resulis suggest a convenient method of measuring 
very small capacities, and demonstrate the possibility of controlling regenera- 
tion, in this type of circuit, by means of a small condenser between the grid 
and filament. 

INTRODUCTION 


ECENTLY there has been considerable use of tuned 

radio-frequency amplifying circuits employing a resis- 

tance in the grid circuit for the purpose of preventing 
oscillation. The type of circuit referred to is shown in Fig. 1. 
The resistance R has been called the suppressing resistance or 
the oscillation suppressor, and the method has been termed 
resistance stabilization or resistance neutralization. 

Steady oscillation cannot occur if the value of R exceeds the 
value of the negative input resistance of the tube. The value of 
R for which oscillations are just maintained when once started 
is here termed the critical value. 

Since the input capacity of the tube is generally not negligi- 
ble in comparison with C, any increase of E beyond the critical 
value causes an effective increase in the resistance of the tuned 
circuit LC and hence results in a decrease in the sharpness of 
tuning and efficiency of the amplifier. It therefore becomes de- 
sirable to have some means of calculating the critical value of 
R, which we shall call Re. 


Circuit CHARACTERISTICS 
In order that a general expression for R. might be arrived at, 
it has been found necessary to make the following assumptions 
regarding the circuit: 
* Dewey decimal classification: R132. Original manuscript received 
by the Institute, October 6, 1928. 
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(a) No current flows between the grid and the filament in 
the tube. 

(b) The plate circuit load is a pure inductance. 

(c) The plate to filament capacity is negligible. 

(d) The grid to filament capacity is zero. 


Assumption (a) is generally fulfilled in most amplifiers. 

Assumptions (b), (c), and (d) necessarily limit the direct 
practical application of the results. Ballantine has shown that 
the input characteristics of a vacuum tube having an inductance 
load are not appreciably affected by the resistance of the load 
provided the resistance does not exceed several ohms.’ Hence 
our results may be extended with fair accuracy to the case in 
which the plate load consists of a pure inductance in series with 
a pure resistance. 

The grid to filament capacity influences the value of the criti- 
cal resistance quite markedly; hence the results here obtained 
must be corrected for this capacity. 


Output 


Fig. 1 


On the basis of the above assumptions, the circuit analyti- 
cally equivalent to that of Fig. 1 is shown in Fig. 2. Inthe 
latter figure we have: 

R, — plate impedance of the tube. 

Cy. ^ grid to plate capacity in the tube. 

ep =a fictitious emf set up within the tube due to the instan- 
taneous grid potential e,. 


DETERMINATION OF THE CRITICAL RESISTANCE 
The currents in the circuit will be governed by the following 
equations: 
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1 Phys. Rev., 15, 409, 1920. 
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These, upon differentiation and elimination of e, and e, yield: 
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From the above simultaneous differential equations we ob- 
tain by differentiation and elimination the equation which each 
of the currents must satisfy: 
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Suppose, for convenience, that this equation is written as: 
(D‘+aD?+bD?+cD+d)i=0 (10) 
The general solution will be of the form: 
i=Ae™' sin (wt 4-61) + Bet! sin (wet +62) 


where A, B, 6, and 62 are arbitrary constants and aj, a2, «1, w2 
are such that a:+ja1; aı— jar; 05-9»; 03 —j»» are the roots of 
(10) regarded as an equation in powers of D. 

The following relations will hold between the roots and the 
coefficients of (10): 


2(a1-- az) =g 
4a3a23 +R: +22? L b 


t (11) 
2a: + 2a,Q2? = —c | 
mard | 
where 
Q? = ay? +a? 
and 


Qs? — as? -F ox? 


It may be easily shown that if either a; or o» is zero, the fol- 
lowing relation must hold among the coefficients: 


c? -- a?*d — abc - 0 (12) 


Conversely, if (12) is true then either o; or o; must be zero, 
for if we substitute for a, b, c, and d in (12), the values given by 
(11), and reduce, we obtain: 


c? -- a?d — abc = — agas [4 (791? 4- 041.2”) (a3 + o2) + (Q? X ?)?] (13) 


Now it is seen by reference to (9) and (10) that a and c are 
always positive. Hence, 4(o;Q;? 4-07) (o4 d-0:), which isequal 
to a c, must be positive and the coefficient of œa in (13) is under 
no circumstances zero. Hence if c?--a?d — abc vanishes, either œ 
or os must be zero. Suppose o; is zero. 

From the first of the equations (11) it is seen that a,+a2 
must be negative. Under these cireumstances, therefore, oscilla- 
tions of frequency w, when once started will be maintained with 
unchanged amplitude. Oscillations of frequency wz which occur 


122 Snavely and Webb: Radio-Frequency Amplifying Circuits 


when the circuit is given an electrical jar, will die out because 
a» is negative. 

Therefore (12) regarded as an equation in R gives the value 
of E for which oscillations will just be maintained. This is the 
critical value, R., of the stabilizing resistance. 

If in (12) we substitute for a, b, c, and d their values in terms 
of the circuit constants and clear of fractions, we obtain by 
placing R= R,: 
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THE CRITICAL FREQUENCY 
The critical angular velocity, w., is the value of w, say, when 
Q, = 0. 
When o; —0, we see from equations (11) that; 


2as = -qQ 
2aw,? = —c 
Therefore, 
c 
We? = 
a 


Substituting for c and a, and remembering that R is adjusted 
to the critical value Ke: 
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GENERAL Equations FOR Re WHEN THE PLATE 
Loap 1s oF ANY TYPE 
Considering merely the input characteristics of the vacuum 
tube without detailed reference to the plate circuit, we may 
consider the grid circuit of the tube to be of the form shown in 


Fig. 3 


Fig. 3. Here g, is the input conductance of the tube and C, is 
the input capacity. The circuit LC is assumed to be of negligi- 
ble resistance. 

The complex impedance which a current flowing under the 
action of an emf, e, would encounter is: 
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If any oscillations started in the circuit are just maintained 
after the removal of e, both the real and imaginary parts of z 
must be zero. Hence we must have: 
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(18) 


VERIFICATION OF RESULTS 
The circuit shown in Fig. 4 was used in checking (15). Oscilla- 
tion was detected by heterodyning with the autodyne circuit A, 
which was very loosely coupled to the plate inductance, L,. It 
was found that the sudden change in plate current caused by the 
commencement or cessation of oscillations was a more sensitive 
criterion of oscillation than was given by the autodyne circuit. 


Fig. 4 


The grid to filament capacity was made variable by means 
of a small condenser connected between the grid and filament. 
The total grid to filament capacity, C,;, then, was the sum of 
the capacities of this condenser, the wiring, the socket, and the 
internal capacity of the tube. 

The data for the curve shown in Fig. 5 wasobtained by setting 
C,, at some known value and then increasing R until oscillations 
ceased. These values of R. were then plotted against the cor- 
responding values of C,, and the curve so obtained was extrapo- 
lated to give R. when C,;=0. The values of the critical resistance 
thus obtained were found to agree with the values calculated 
from (15). 
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If we solve for R. and w. in (15) and (16) and place these 
values in (17) and (18), we can solve these latter equations simul- 
taneously for C, and go. C, and go as calculated by this method 
agreed exactly with the values calculated by means of Ballan- 
tine’s formulas.? 


Discussion 
Fig. 5 shows the great change of R. for a small change in grid 
to filament capacity when this capacity is small. The results 
given here may be made to serve as a basis for approximation 
formulas which will take account of the grid to filament capacity. 
Equations (17) and (18) may be made the basis of such formulas. 
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Cys  Micro-microfarads. 


Fig. 5 


If in equation (15), R.=0, the critical condition is expressed 
by: 


by it —— 4 (19) 


Ci Eo «CA 
In ease C, is zero we have an Hartley oscillator circuit 
with no mutual inductance between the grid and plate circuits. 
The above equation then becomes: 


2 Phys, Rev., 15, 409, 1920. 


lcu ( 1 a) 
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This critical relation is in agreement with the observations of 
several writers. 

The critical resistance could always be located to within a 
fraction of one per cent of its value. This fact and the great 
steepness of the curve in Fig. 5 suggest a method of measuring 
very small capacities. The unknown capacity would be placed 
between the grid and the filament of the vacuum tube. The 
change of the critical resistance thus produced by the added 
capacity would be a measure of this capacity. Such an applica- 
tion would, however, require consideration of the stability of 
operation of the tube. 

Fig. 5 demonstrates the possibility of controlling regenera- 
tion by means of a condenser between the grid and the filament. 
If R remains fixed, we can, by varying C,;, change the critical 
resistance K. and cause it to approach R. When the circuit is 
not oscillating R must be greater than R.. As R. approaches R 
the regeneration will increase. 
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THE PIEZO-ELECTRIC CRYSTAL OSCILLATOR* 


By 
J. WARREN WRIGHT 
(Bureau of Engineering, Navy Department, Washington, D. C.)t 


Summary—The zero-angle quartz crystal, having electrodes in direct 
contact with its surface, «s used to control the output of a typical oscillating 
crystal circuit. . 

The crystal is first considered as a simple mechanical oscillator, and the 
required plate circuit adjustment for sustained vibrations of the crystal 
obtained by Miler’s method on the basis of an assumed electrically equivalent 
crystal circutt. 

The electrical equivalent of the crystal is then considered as the grid 
circuit of an oscillating vacuum-tube circuit and the equations for the fre- 
quency and condition for oscillation derived. 

The effects of the tube and circuit upon the frequency of a crystal-controlled 
oscillator are then shown. i 


HERE are several very good articles! on the piezo-electric 
"Lea resonator in the current literature, but little in- 

formation has been made available, for general use, con- 
cerning the operation and theory of the piezo-electrie crystal 
oscillator.^? In this article an attempt is made to discuss the 
piezo-electric crystal oscillator from a theoretical and mathe- 
matical viewpoint. 

We wish to examine just what takes place when a crystal is 
placed in a typical oscillating erystal circuit such as is shown 
in Fig. 1, and the circuit is adjusted so that sustained erystal- 
controlled oscillations result. 

Let us first consider the crystal merely as an elastie substance 
placed between the plates a and b, Fig. 2. Suppose that pressure 
is applied to plate a (plate b assumed fixed), causing a slight 
deformation of the crystal, and then suddenly removed. Owing 
to its elastic properties, the crystal will tend to spring back to 
its former shape, but owing to its inertia the process will be 
carried too far, and thus a system of damped vibrations depend- 
ing on the dimensions and physical properties of the quartz will 
be set up. 

* Dewey decimal classification: R214. Original manuseript received 
by the Institute, April 30, 1928; revised manuscript received October 3, 
1928. Published by permission of the Navy Department. 

t Formerly of Naval Research Laboratory. 

! For example, D. W. Dye, Proc. Phys. is of London, 38, part 5, 


399, 1926; and W. G. Cady, Proc. I.R.E., 10, 83; April, 1922. 
2 G. W. Pierce, Proc. Amer. Acad. of Arts and Sciences, 59, 82, 1923. 
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We will confine our attention to vibrations along the X axis’ 
of the crystal, Fig. 2, and assume that the crystal acts like a 
simple mechanical system when set in vibration. Then if we let 
t be the displacement of the face of the crystal in contact with 
plate a along the X crystal axis, above or below the position 
assumed by this face when the crystal is not oscillating, we can 
write 


(aD?+8D+y)z=F =F, cos wt (1) 
d 
where DITS F is the applied force and it will be assumed 


that it affects only the damping term directly. Therefore such 
substitutions as are made in (2) and (5) hold only at or very 
close to the resonant frequency, where F and Dz are nearly in 
phase. a, 8, and y are the coefficients of inertia, damping, and 
restoration, respectively. They are constants of the quartz and 
its mounting. 

It will be assumed, in all that follows, that we are dealing with 
vibrations along the X crystal axis and that the elastic limit of 
the quartz is never exceeded. 

Equation (1) ean take three forms, that is, in Equation (1), 
F can be (1) positive, (2) zero, or (3) negative. Cases (2) and(3) 
do not interest us here as they do not give sustained oscillations, 
and in solving Equation (1) we are only interested in the cases 
where oscillations are possible, and hence will omit the others. 


Case (1a). F positive and just equal to the damping term. 
Equation (1) becomes 


(aD? t-y)z —0 (2) 
The solution of (2) can be written 
z-—4A sin (nt+p) (3) 


where A is the amplitude of vibration, p is a constant, and 7 is 
the angular velocity. 
An examination of Equation (3) shows that the period of 
vibration of the crystal, under these conditions, is given by 
2m 
T=— (4) 
n 


* A. Crossley, Proc. I.R.E., 15, 9; January, 1927. 
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where T is the time in seconds for one complete mechanical 
oscillation. 


1 
Now T 27 where f is the frequency of vibration, hence f=- 
T 


Case (1b). F is positive and greater than the damping term. 
Under these conditions Equation (1) becomes 


(aD? — K8D --y)x -0 (5) 


where K is a factor depending on the magnitude of F and BDz. 

Equation (5) states (under the assumption that F and Dz 
are in phase) that more energy is being supplied to the system 
than required to overcome its losses. The solution of (5), if we 


KB Y ] 
let ô =—— and n?=— can be written as 
a a 


ax = Aye" sin (4/9? — 16,2 t4-&) (6) 


where A, is the original amplitude of vibration and e; is a con- 
stant. 
The period of vibration, in this ease, can be shown to be 


2T 


Vn? =o 


(7) 


Tı 
and if this is expanded, by the use of Taylor’s Theorem, we have 
2-T Tå? 


n 47 


T, -- (8) 

An inspection of (8) shows that the period of vibration has 
inereased owing to the fact that more energy is being supplied 
to the system than is needed to overcome the losses. The extra 
energy over and above that used to supply the losses, goes to 
build up larger oscillations. An inspection of (6) shows that, 
under these conditions, the oscillations would continue to in- 
erease in amplitude indefinitely. We can avoid this absurdity, 
in our ease, by remembering that the energy must be supplied by 
the tube (see Fig. 1) and that, as the energy supplied is electrical, 
the characteristic curve of the tube employed serves to limit the 
increase in amplitude of the mechanical oscillations. Hence once 
the amplitude of vibration A; of (6) reaches this limit, there is 
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no further increase in amplitude nor change in the period of the 
oscillations. 

Experiments! have shown that when pressure is applied to a 
piece of piezo-electric quartz (zero-angle? cut considered here) 
a piezo-electric charge is developed on plates a and b which are 
in intimate contact with the quartz erystal. This is true whether 
the pressure is applied along the X or the Y axis. See Fig. 2. 


Fig. 1 


It follows at once that if a crystal is caused to vibrate, these 
vibrations produce changes in stress in the crystal itself, and 
that a component of piezo-electric charge in phase with this 
stress will be developed on the electrodes a and b. The converse, 
that an oscillating charge will produce a mechanical vibration 
in a piezo-electric quartz crystal, is also true. 


Fig. 2 


Such a charge is due to the piezo-electric properties of the 
quartz crystal and it gives rise to an emf which can be expressed 
as 

K'Q 


e= 


ett! sin wt (9) 


where e**' is a damping term which becomes unity if 7 is zero, 
Q is the piezo-electric charge, C is associated capacity, K’ is a 
constant, and w=2zf where f is the frequency of vibration of 
the quartz erystal. 


* This effect was first noted by the Curies. A recent detailed study 
of it was made by L. H. Dawson, Phys. Rev., 29, 532, 1927. 
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It is well to note by (9) that, for a given charge Q, the emf 
developed by the crystal is inversely proportional to the capacity 
associated with it. This capacity is the sum of the capacities of 
the crystal and holder, the capacity of the leads and the tube 
capacity. This capacity might be considered as a part of C’, 
Fig. 3. 

The frequency f is that of the mechanical vibration of the 
quartz, and is a function of the dimensions of the crystal and of 
the axis used. It is also a function of the input capacity of the 
vacuum tube used and the amplitude of mechanical vibration. 
In a properly ground zero-angle crystal there are three natural 
frequencies?^^; (a) that corresponding to the mechanical vibration 
of the crystal along the X axis, (b) that corresponding to the 
mechanical vibration along the Y axis, and (c) the so-called 
coupling frequency. 

It would seem, then, that the frequency of a crystal oscillator 
might shift from one to another of the natural frequencies of the 
crystal. This is not the case, however, with a properly ground 
erystal, since the natural frequencies are separated far encugh 
from each other so that tuning the plate circuit, Fig. 1, to produce 
oscillations at one frequency results in circuit conditions which 
are, in general, unfavorable to the production of the other two 
frequencies. 

In order for the circuit of Fig. 1 to generate sustained crystal- 
controlled oscillations, assuming the crystal to impress an emf 
as given by (9) on the grid of the vacuum tube, the losses in the 
crystal must be supplied by the tube circuit. When this condition 
is satisfied the crystal continues to vibrate with constant ampli- 
tude, and owing to its piezo-electric properties it excites the grid 
of the tube with an undamped emf. This means that the damping 
term of (9) becomes unity for this condition. 

Now in the case of the piezo-electric quartz crystal we have a 
mechanical vibration producing an electrical oscillation, and in 
general an electrical oscillation can be represented by an equation 
of the form 


1 
(zo 0D (10) 
where aus l is the emf, q is the charge, while L, R, and 


C are the inductance, resistance, and capacity, respectively. 
* A. Hund, Pnoc. I.R.E., 14, 447; August, 1926. 
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The similarity between (1) and (10) is marked and it has 
been shown’ that an equivalent electrical system can be sub- 
stituted for the mechanical one for the purpose of studying the 
frequency and conditions for oscillations in a cireuit such as 
Fig. 1. However, it must not be assumed that in actual practice 
a crystal can be replaced by an equivalent electrical cireuit and 
still afford the stability of frequency which is a feature of the 
crystal-controlled oscillator. 


FILAMENT 


Fig. 3 


Furthermore, it has been shown that the series chain of such 
an equivalent electrical system (Fig. 3) would have constants? 
given by 

L=aa R-b C=cy (11) 


where a, 8, and y are as defined in (1), while L, R, and C are the 
inductance, resistance, and capacity, respectively, and a, b, and 
c are constants. C” is the capacity of the quartz condenser.’ 

Such an equivalent electrical system! is shown in Fig. 3 where 
it is assumed that the electrodes rest directly on the crystal. 


Fig. 4 


Since we can replace a given crystal operating along a given 
axis by a fixed equivalent electrical circuit, our problem is to 
show the necessary conditions of adjustment of the plate circuit, 


* Butterworth, Proc. Phys. Soc. of London, 271, 410, 1915. 
? Van Dyke, K. S., Proc. I.R.E., 16, 742; June, 1928. 
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Fig. 1, so that the resistance term of our equivalent electrical 
circuit is neutralized. This will also be the condition for the 
damping term of (1) to vanish, and hence if we can find such an 
adjustment sustained crystal-controlled oscillations are possible. 

Miller? has shown that a vacuum tube will supply energy to 
the input circuit provided that the load in the plate circuit is 
inductive. Hence the condition for the damping term of (1) to 
vanish can be satisfied by tuning the plate circuit (Fig. 1), so 
that the resonant frequency of L,C, is greater than the crystal 
frequency. 

Let us now attack the problem using Miller's? method, and 
determine the required plate circuit tuning so that the tube 
circuit will neutralize the resistance of the external input circuit. 

We shall refer to Fig. 4 and assume that the vacuum tube has 
a linear characteristic, and that the grid is held at such a potential 
with respect to the filament that it does not draw current. In 
this figure Z, represents the input impedance, Z, represents the 
load in the plate circuit, and C,, C2, and C; are the inter-electrode 
capacities. 

From an inspection of Fig. 4 and using Kirchoff’s laws we can 
write the following equations 


lo =ù d (12) 
i—d4du (13) 
i=is— is (14) 
1; —e,joCi (15) 

P t3 
ae (16) 

is is it 


snan 17 
joC; os joC ( ) 


and from vacuum-tube theory, assuming a linear characteristic, 

Hg —tplp—1sZ,=0, (18) 
where y is the amplification constant, e, is the instantaneous a.c. 
grid voltage, and r, is the internal resistance (plate to filament) 


of the vacuum tube. 
* John Miller, Bureau of Standards Scientific Paper No. 351, 1919. 
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Substituting (12), (13), (14), (15), (16), and (17) in (18) we 
have 


e (uti Boo fo VT Ces C ee a) 
Te Ci NEL LUN 
pue e coo e 
T» ryc: 1 
= Trid ots 19 
erm a ah (19) 


Equation (19) can be expressed in terms of an impedance if we 


eg 
remember that Z,=—, so we have 
lg 


Fp 1 
rT p(C2+C 3) +- eT 
jeZ, jo 
Z,-— (20) 


wrt Cot Cit (C C9) jars (CIC Cis C201) 
p 


and substituting Z,— R,4-7X,, equation (20) becomes 


x 1 R 
R, (C+C) = zu (6.097 — = 2] 
», 


2s 
Suc CC, ETIAIN "(Cs Cs-C)) + 0Rp(CiCr+- Cr+ Cy c»] 


This equation can be written in the form 
atb ac+bd bc—ad 


Z,- Tj =R,+jx 22 
m CER +d? ta TJX, (22) 


Here R, is the resistance and X, the reactance of the internal 
input impedance of the tube, and 
R,(Cs t C. pa 
Qr, 
R, 
be use) — n 
Q Qr, 


(23) 
R 
c= uC. Ci C) + (Ci +C) wX (CC CIC 4-103) 

p 


X 
d 2 (4C 4- C4 4- C) +oR (Ci:C2+ C203 4-C1C ;) 
Tp 
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An examination of the resistance term of (22) shows that if 
X, is positive, corresponding to an inductive load in the plate 
circuit, R, becomes negative when 

uX, Xp? Ry? 

— * [u(Cs4- C3) +C] +—[u(C2tCs)+C2]+RpC2 (24) 

Urs Y» fy 
Hence if we make R, negative by the use of the inequality (24) 
it means that the tube circuit is regenerating, and if we make I, 
sufficiently negative so that the tube supplies the losses of the 
external input circuit, then oscillations are possible. 


Fig. 5 


This means that the tube circuit supplies the losses in the 
external input circuit and neutralizes the effect of the damping 
terms of (1) and (9). Hence, we have proved? that if the load in 
the plate circuit is made inductive, the resistance, and therefore 
(if we assume the use of the equivalent electrical circuit to be 
justified) the damping of the crystal can be overcome by the 
tube's supplying energy to the input, provided that the resistance 
1s not too great. 

An examination of the reactance term of (22) shows that X, 
is a capacity reactance, and that the input impedance of the 
tube, under these conditions, can be represented by a resistance 
R, in series with a capacity C,. The values of this resistance and 
eapacity are given by 


d 
eaten (25) 
c? +d? 
and " 
2 2 
CENE (26) 
«(ad — bc) 


where a, b, c, and d are as given in (23). 

The manner in which the electrical equivalent of the crystal 
is connected to the input of the vacuum tube is shown in Fig. 5. 
Here that portion of the circuit containing R, and C, in series 


? This proof is in accord with Miller's, and is given here because it is 
felt that few engineers are familiar with his excellent paper. 
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represents the input impedance of the tube while the remainder 
represents the electrical equivalent of the crystal. 

If we refer to Fig. 4 and to (25), and assume that R, is 
negative, we note that the power supplied by the tube to the 
input circuit is given by 

VE, -P, (27) 


Now refer to Fig. 5 and assume? that a current 7 flows in 
that portion of the circuit representing the series chain of the 
crystal. If the reactance of C, is large compared to the value 
of R,, this current will divide between C’ and C, in proportion 
to their capacities. That part flowing through the series circuit 
containing R, and C, is the current referred to in Fig. 4 as i, 
and can be expressed as 


C 
i, =i—— (28) 
C’+C, 
The power dissipated in the crystal is given by 
Po=??R (29) 


If we substitute (28) in (27), and add the resultant power 
equation to (29) we have 


= E Cose) ™] 59 


where the negative sign indieates that the tube is supplying power 
to the input. 


When adjustments are made so that (30) becomes zero, 
sustained crystal-controlled oscillations are possible. It is well 
to note, however, that the frequency of these oscillations may 
differ if the tube is replaced by one having different interelectrode 
capacities, or if the plate cireuit is retuned. These facts are 
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made clear by a study of Fig. 5 and (26). The change in the 
frequency of the crystal-controlled oscillations is very small, 
but may be important in the case of crystal-controlled oscillators 
which are to be used as frequency standards. 

We have shown, assuming the use of the equivalent electrical 
circuit to be justified, that the plate circuit can be tuned so that 
the tube cireuit will supply electrical energy to the input circuit, 
and, owing to the piezo-electric properties of the quartz erystal, 
maintain the mechanical vibrations of the crystal. These 
mechanical vibrations produce piezo-electric charges, and the 
tube is therefore excited by an undamped emf of the same fre- 
quency as that of the mechanical vibration of the crystal. 


T rw 
Fi . 
Ale. de ne 
€, ln 
c 


m 


R2 


Fig. 7 


We shall next consider the crystal-controlled oscillator as 
an oscillating vacuum-tube circuit, for it is well known that 
an inductance shunted by a capacity can be substituted for a 
crystal in an emergency, and that the circuit will then function 
with only slight changes in adjustments. This circuit is shown in 
Fig. 6 and is the so-called *Tuned-Grid Tuned-Plate Circuit.”!° 
It does not represent the electrical equivalent of the crystal’ 
oscillator closely enough to be of interest here, so we shall replace 
the grid circuit of Fig.-6 by the electrical equivalent of the 
erystal as shown in Fig. 3. The resultant circuit is shown in 
Fig. 7. 

Let us refer to Fig. 7 and assume, for simplicity, that the 
grid does not draw current, that the tube has a linear character- 
istic, and consider only small oscillations. In addition assume 
that the resistance is small compared to the reactance. 

Now express the various currents of Fig. 7 in terms of the 
product of a voltage and an admittance. 

Thus in the grid circuit 


ld, (o -i) (31) 


10 J, W. Wright, Proc. I.R.E., 16, 1113; August, 1928. 
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1$ =e,jwC (32) 
Ts = (ep — e,)joCs (33) 
à = de +23 (34) 


1 R 
where X = c -—) andgi—— e, and e, are the instan- 
oC A? 


taneous alternating grid and plate voltages, respectively. 
Substituting (31), (32), and (33) in (34) and solving for 
ep, 


1 
ntiju +c) -x 


ep 35 
p u0, (35) 
Similarly in the plate circuit 
x j 
= ——- 36 
E (v =) = 
1, =e sje s (37) 
ip=—e,G (38) 
ip=i titis (39) 
R 
where g= 35 . and G!! is the mutual conductance of the plate 
Q^ La 
circuit.!? 
Substituting (33), (36), (37), and (38) in (39) we obtain 
eG +e (ga d- jb) —eojo€; — 0 (40) 
where 


b= [atte 0 2-9 


Whig 


Now substitute the value of e, as given by (35) in (40), 
eliminate the voltage terms, and clear of fractions 


jwlsG + giga+jbige - jbsgi — bybo+w?C3?=0 (41) 
where 


b= [at tei} 


u L. A. Hazeltine, Proc. I.R.E., 6, 63; April, 1918. 
1? Van der Bijl, *Thermionie Vacuum Tube,” McGraw-Hill, 1918. 
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Generally gı gz and w?C;? are very small, and if we neglect 
them and equate the remaining real terms of (41) to zero in 
order to obtain the frequency of oscillation, we have 


bib, =0 (42) 


If the values of b; and b; are substituted in (42) and this equa- 
tion solved for w? it is found that there are two possible fre- 
quencies given by 


1 
a 43 
"s RACERS) (3) 
C+O,+C; 
and 
ene (44) 
med. cadi 
EUST 


Here «;? gives the frequency of the oscillations which are 
determined by the constants of the grid cireuit. This frequency 
can be seen, by an inspection of (43), to be lower than the 
natural frequency of the crystal and mounting which is given 
by 


w? =— — (45) 


where the symbols are the same as used in Fig. 3. 

This is seen to be due to the fact that the capacity Cı (Fig. 7), 
is approximately equal to the sum of the grid-filament capacity 
of the tube and the shunt capacity of the crystal, C’, of Fig. 3. 
Therefore the capacity term of (43) is greater than the corres- 
ponding term of (45). The result is that the frequency as given 
by (43) is lower than that given by (45). 

It is very interesting to note that the input capacity of the 
tube enters into the frequency equations. This is in accordance 
with the predietions made after examining Fig. 5, and it may 
account for certain variations in the frequency of crystal oscil- 
lators, which are used as standards of frequency, when the tubes 
are changed. 

The condition for the starting of oscillations is obtained from 
the imaginary terms of (41) by writing 


c«C3G + big: +bogi =0 (46) 
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Substituting the values of bı, bz, gı, and fz in (46), solving 
for G and neglecting certain very small quantities the condition 
for oscillations of the frequeney given by (43) to oceur is that 


RC*C4(LC,— I4C 
LL:C;(C — C4)? 


C (C14 C. 
NUES an a) 
€ -Ci4- C; 


Now G cannot become negative, so LC;Z LCs, but because 
(€ — C4)? is so very small there is practically only one adjustment 
which satisfies the condition that the value of G given by (47) 
must not be negative or greater than that obtainable from the 
vaeuum tube. In addition the oscillations will be stronger when 
G is a minimum," which occurs when 


LC,=LC; (48) 


Similarly the condition for the starting of oscillations of a 
frequency as given by (44) ean be shown to be 


RC; (LCs — LC 4) 


and C; ES (C; TC). 


= (49) 
LC; (C+C,+C3) 
C (Ci +Cs) 
here C,=——————- and C, = (C.+ C3). 
ia br e Papel 
In (49) the minimum value of G occurs when 
L.C;=LC, (50) 


A comparison of (48) and (50) shows that the strongest 
oscillations occur when w? is equal to w. For all practical 
purposes the circuit of Fig. 7 can be considered to oscillate at 
only one frequency. 

These conclusions agree with experiment, for it is well 
known that in tuning a crystal oscillator, Fig. 1, the load in 
the plate circuit should be adjusted so that its reactance is induc- 
tive, and then, when oscillations start, adjusted for maximum 
output, which is obtained when the plate circuit load is approxi- 
mately in resonance with the crystal frequency. 

We also know, from experimental evidence, that the emitted 
frequency of a crystal-controlled oscillator, Fig. 1, depends to 
a certain extent upon the circuit and tube as well as upon the 
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dimensions of the crystal. If a given crystal and holder are used, 
in a circuit such as shown in Fig. 1, to control the output of a 
commercial type UX201A tube, the frequency of the crystal- 
controlled output will be higher than if the same crystal is used 
to control the output of a Navy type CWI1818A tube connected 
to an exactly similar circuit. This is believed to be due to the 
fact that the input capacities of the two tubes are different. 
This change in the frequency of the output could have been 
predicted from an examination of (43). 

Another effect, which has not been mentioned so far and 
which causes changes in the generated frequency of a crystal 
oscillator, is that of temperature and its relation to the fre- 
quency of vibration of a quartz crystal. An increase in the 
temperature of a crystal causes the constants a, 8 and y to 
change in such a manner that the generated frequency of the 
erystal-controlled oscillator is lowered. A decrease in tem- 
perature causes an increase in the frequency of the oscillator. 

The effect of temperature upon the output frequency also 
depends on which axis of the zero-angle crystal is being used. 
If the frequency corresponds to vibrations of the crystal along 
the X axis, the temperature coefficient of frequency for the 
crystal, in a Navy type holder, is approximately twenty-five 
parts in a million per degree C. The temperature coefficient of 
frequency for Y axis vibrations is approximately fifty parts in 
a million per degree C., assuming the crystal is mounted in a 
Navy type holder. 

The above discussion applies particularly to the case where 
the output of the crystal-controlled oscillator is desired to be 
of the same frequency as the crystal. In certain cases, however, 
we desire the fundamental erystal frequency and as many har- 
monies of this frequency as possible (as in the crystal-controlled 
calibrator). This can be accomplished by tuning the plate circuit 
by means of an inductance having a large L/C ratio. The har- 
monies are generated in the electrical cireuit, and it should not 
be assumed that the crystal itself vibrates at the harmonie 
frequencies. In case it did, the harmonies would not necessarily 
be integral multiples of the fundamental, whereas the observed 
harmonies of a erystal-controlled calibrator are integral multiples 
of the fundamental crystal frequency. 

When a crystal oscillator is used to control the frequency of 
the usual type of transmitter, and the emitted frequency is 
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an integral multiple of the crystal frequency, it does not follow 
that the desired harmonie present in the output of the crystal 
oscillator is picked up and amplified. On the contrary, except 
when the transmitter is operating at the crystal frequency, the 
erystal oscillator output excites à vacuum-tube frequency mul- 
tiplier, which has its negative grid bias so adjusted and its 
plate circuit load so tuned that the desired frequency, which 
must be an integral multiple of the erystal frequency, is generated 
in the multiplier circuit. 

Recent experiments have also shown that a crystal can be 
used to control the output frequency of an oscillator of the 
relaxation type so that erystal-controlled oscillations which are 
sub-harmonies of the fundamental erystal frequency can be 
obtained. 
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FADING CURVES AND WEATHER CONDITIONS* 


Bv 
R. C. COLWELL 
(Department of Physics, West Virginia University, Morgantown, West Virginia) 


Summary—Sunset fading curves from Station KDKA were made at 
Morgantown with a Shaw Recorder during April and May, 1927. The 
curves taken on fine days show more irregularity during the daylight hours 
than those taken on cloudy days. It was found that the signal strength from 
KDKA during the dark hours sometimes fell far beiow the daylight strength. 
A falling curve indicates clearing weather for the next day while a rising curre 
is followed by cloudy weather or rain. 


URING the winter months, KDKA, the Pittsburgh 
D Station of the Westinghouse Electric and Manufacturing 
Company, is very seldom in continuous operation through 
the sunset period. It is therefore possible to get only four curves 
a month showing the variation of strength in radio reception 
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Fig. 2—KDKA at Morgantown; Generally Clear Days. 


for an hour before and an hour after sunset. In the spring, how- 
ever, on account of the longer days, it is comparatively easy to 
make records day after day throughout the sunset period. Dur- 
ing April and May, 1927, thirty curves were taken on a Shaw 
Recorder throughout the sunset period. Eight of these curves 
were undisturbed, that is, they were fairly even during the period 
before sunset. Twenty-two of the curves were irregular during 
the daylight hours. Four of the undisturbed curves were taken 
on clear days and four on cloudy days. Of the disturbed curves 


. * Dewey decimal classification: R113.1. Original manuscript re- 
ceived by the Institute, October 30, 1928. 
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seventeen were taken on clear days and only five on cloudy days. 
This plainly shows the preponderance of irregularity on fine days. 

The undisturbed curves were taken on April 4, 24, 1927, and 
May 2, 6, 7, 9, 11, 26, 1927. The disturbed curves were taken 
April 6, 11, 12, 13, 19, 20, 21, 22, 23, 25, 28, 30, 1927, and May 
1, 3, 4, 5, 10, 12, 13, 14, 17, 27, 1927. 

The galvanometer readings on the first eight curves were 
averaged at five-minute intervals measured from sunset as zero. 
The resulting curve is shown in Fig. 1. Here it was noticed for 
the first time that the night reception from KDKA could fall below 
and remain below the daylight strength. The twenty-two disturbed 
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Fig. 3—Sunset Curve, KDKA, at Morgantown; Typical Cloudy and Cool. 
May 12, 1927. 
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Fig. 4—Sunset Curve, KDKA, Morgantown; Typical Clear and Cool. 
April 23, 1927. 


curves were averaged in the same way and the resulting curve is 
shown in Fig. 2. Fig. 3 shows a curve taken on the Shaw Recorder 
in which the night reception consistently falls below the day 
strength. Fig. 4 shows a curve in which the reception increases 
after sunset. 

In the remaining figures, the upper curve in each case is 
that obtained on the Shaw Recorder while the lower curve shows 
the signal intensity obtained by averaging over five-minute 
intervals. That is, the whole curve is divided into five-minute 
intervals measuring from sunset or zero. The area of each inter- 
val is taken with a planimeter and the average ordinate calcu- 
lated. The square root of the average ordinate gives the intensity 
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‘on an arbitrary scale. Fig. 5 shows an abrupt increase of inten- 
sity after sunset; while Fig. 6 shows a slight increase about an 
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Fig. 5—Sunset Curve, KDKA, at Morgantown; Clear and Cool. 
April 11, 1927. 
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Fig. 6—Sunset Curve, KDKA, at Morgantown; Misting Rain. 
May 11, 1927. 


hour after sunset. All the other graphs shown (Figs. 7 to 11) 
indicate a great reduction in signal strength after sunset. 
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Attempts were made to continue these observations during 
the summer and winter of 1927-28, but heavy static in the sum- 
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Fig. 7—Sunset Curve, KDKA, at Morgantown; Cool, Sunshine. 
April 6, 1927. 
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Fig. 8—Sunset Curve, KDKA, at Morgantown; Very Hazy, Temperature 
Pleasant. May 5, 1927. 


mer of 1927 and interference from other stations during the 
winter prevented any continuous observations. However, the 
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summer of 1928 was singularly free from static and observations 
made then show that weather conditions have a decided effect 
upon the signals from KDKA. So much so that it is even possible 
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Fig. 9—Sunset Curve, KDKA, at Morgantown; Clear and Cool. 
May 13, 1927. 
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Fig. 10—Sunset Curve, KDKA, at Morgantown; Light Broken Clouds, 
Cool. May 14, 1927. 


to foretell the weather one day ahead by the form of the fading 
curves. If the curve continues to rise after sunset, a wet or 
cloudy day is indicated; if the curve falls, the weather will tend 
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to clear. Thus Fig. 6 (upper curve) taken on a cloudy day 
shows that the following day, May 12, 1928, would also be 
cloudy at Morgantown. The curve of Fig. 5 taken on April 11, 
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Fig. 11—Sunset Curve, KDKA, at Morgantown; Typical Cloudy and 
Cool. May 12, 1927. 


1927 indicated that April 12 would be cloudy; April 12 was a 
cloudy day. 

From Figs. 4 to 11, the captions *Galvanometer Readings" 
at the left refer to the upper curve only. The lower curve is the 
intensity of the signal averaged over five-minute intervals. 
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DETECTION CHARACTERISTICS OF THREE-ELEMENT 
VACUUM TUBES* 


By 
FREDERICK Emmons TERMAN AND Tuomas M. GooGIN 
(Stanford University, California) 


Summary—The change of grid potential in a grid-leak grid-condenser 
detector can be determined by considering a fictitious “rectified voltage" acting 
in series with the grid resistance. This equivalent voltage is inversely pro- 
portional to the tube “voltage constant" v, which has the value v=2 R,/ 
(dR,/dE,), and can be readily measured by an a.c. resistance bridge. 

The rectifying action of different tubes can be compared on the basis of 
the respective voltage constants at grid resistances inversely proportional to the 
size of grid condenser. Tubes are then compared under conditions of equal 
detector distortion, and the change of grid potential is inversely proportional to 
the voltage constants. 

The voltage constant of ordinary vacuum tubes at first drops rapidly as 
the grid resistance is increased, but soon flattens out and becomes constant at 
grid resistances above 50,000 to 150,000 ohms. 

The highest audio frequeney that can be satisfactorily reproduced with 
the delector adjusted to full sensitivity is inversely proportional to the grid 
resistance at the lower end of the flat part of the v — R, characteristic. 

Tt was found that tubes of the same type had uniform detection character- 
istics, that age, use, plate voltages between 16 and 122, and filament voltage 
(above the minimum necessary to give electron saturation) had little or no effect 
on the rectifying ability of high vacuum tubes at a given grid resistance in the 
useful range of operation. 

Detector tubes best suited to resistance coupling are types 102-D, 240, 
and 200-A, because of their high u and low v. The best detector from the point 
of view of power output and quality is the 227 type because of its low voltage 
constant and high amplification. Next in merit comes a group composed of 
types 112-A, 226, and 12. The sensitivity of the 200-A alkali vapor tube is 
substantially that of the corresponding high vacuum tube with the same p. 


DETECTOR CONSTANTS AND THEIR MEASUREMENT 


N the grid-leak grid-condenser detector the radio-frequency 
I signal voltage is rectified in the grid circuit of the detector 

tube. This rectified grid current in flowing through the grid 
leak-condenser impedance produces a voltage drop which affects 
the plate circuit of the tube by amplifier action. In a previous 
paper! it was shown that the rectified current could be considered 
as produced by a series of fictitious generators acting between the 
grid and filament in series with the dynamic grid resistance. The 
voltage of these generators, conveniently called the “rectified 


* Dewey decimal classification: R134. Original manuscript received 
by the Institute, September 5, 1928. 
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voltage,” depends only upon the signal voltage and a single tube 
constant. 

Detector problems can accordingly be conveniently analyzed 
with the aid of the equivalent detector circuit of Fig. 1, in which 
the rectified grid voltage E, acts in series with the grid resistance 
R,, and the grid leak-condenser combination shunted by the tube 
input capacity C,' to the rectified current. The voltage produced 
across the grid leak-condenser impedance by the rectified grid 
voltage is the change of grid potential which affects the plate cur- 
rent by amplifier action. 

Two detector constants suffice to give the complete perfor- 
mance of the detector. The first of these, the grid resistance R,, 
is the reciprocal of the slope of the grid current-grid voltage char- 


acteristic at the operating point, and is required in setting up the 
č 


R Rg 


C3 O 
195,04 
Fig. 1—Equivalent Circuit of Grid-Leak Grid-Condenser Detector. 


equivalent detector circuit. The second constant determines the 
rectified grid voltage, and depends upon the grid resistance and 
the rate of change of grid resistance with grid voltage at the oper- 
ating point. This constant has the dimension of a voltage, and 
so is called the voltage constant. It is defined by the relation 


2R, 

dR, 

dE, 

The rectified grid voltage is inversely proportional to v, so that 
a small voltage constant is desired. In the important case of a 
signal carrier wave of amplitude E, modulated to a degree m, the 
modulation frequency component of rectified voltage has the 
amplitude mE,?/v. 

To measure v one determines R, first at the operating grid 
potential, and then at grid voltages above and below this oper- 
ating point by a small amount AE,, thus giving dR,/dE,. These 
three measurements of grid resistance give the entire detector 
performance, and can be easily and rapidly carried out with the 
alternating-current bridge arrangement described in the previous 


paper. 


Detector voltage constant =v = 
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In using the bridge method of measuring v and R, it is easier 
to manipulate the apparatus when the 1000-cycle input to the 
bridge is large, and when the grid-voltage increment AE, is con- 
siderable, but increasing these quantities beyond a certain point 
introduces errors. A study was accordingly made to determine 
the most satisfactory values to use in making measurements. 

It was found that the observed values of v become progres- 
sively lower than the true values as AE, is increased, and for a 
given AE, the error is greater for tubes with a small voltage con- 
stant. Mathematical analysis based on observed detector char- 
acteristics shows that over the range of grid voltages for which v 
is substantially independent of grid resistance (see Fig. 2 for 
example) values of AE, such that AE,/v=0.2 lead to an error of 
less than 3 per cent. Larger voltage increments than this rapidly 
increase the error. Over the part of the tube characteristic where 
v decreases with increase of grid resistance the allowable AE,/v is 
about half that permissible over the flat portion. As most tubes 
have a voltage constant v lying between 0.2 and 0.5 volt over the 
flat portion, and more over the dropping part, values of 0.05 
volt and less for AE, should give satisfactory results, and ex- 
periments show this to be the case. 

'The effect which the bridge input voltage has on the dynamie 
grid resistance as measured by the bridge depends primarily upon 
the purity of wave form of this voltage. The indications are that 
with a pure sine wave, the bridge input could be at least 0.1 
volt effective in most cases. With harmonies present the bridge 
input must be smaller in proportion. The measurements reported 
in this paper were made using power from a master-oscillator 
power-amplifier vacuum-tube generator, and with the outfit 
loaded fairly heavily a bridge input voltage of 0.025 effective was 
about the maximum allowable because of harmonies. Errors due 
to excessive bridge inputs can be readily detected by noting 
whether or not the balance is affected by lowering the input. 


Basis For COMPARING DETECTORS 


In comparing different grid-leak grid-condenser detectors it is 
necessary to separate the rectifying and the amplifying action. 
The change of grid potential is given by the equivalent circuit of 
Fig. 1 and is determined by the rectifying action in the grid, but 


| F, E. Terman, “Some Principles of Grid-Leak Grid-Condenser De- 
tection,” Proc. I. R. E., 16, 1384; October, 1928. 
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the effect which this has on the plate current is purely an amplifier 
problem. 

The eriterion for comparing the rectifying action of different 
detectors when used with the same size grid condenser is the value 
of the voltage constant v at a given grid resistance. The change 
of grid potential produced by a given signal is inversely proportional 
to the voltage constant v when the grid resistance R, and the size of 
grid condenser are fixed. 

It is well-known that the higher modulation frequencies do 
not give as great a change of grid potential as the lower frequen- 
cies, and the magnitude of this effect depends upon the grid re- 
sistance at the operating point and the size of grid condenser. 
Where the same grid condenser is used, detectors compared at the 
same value of grid resistance will be compared under conditions of 
equal distortion. 

The best size of grid condenser is approximately ten times the 
effective grid-filament tube capacity to radio frequencies, so will 
tend to vary with different types of tubes. Detectors with dif- 
ferent grid-condenser capacities must be compared under condi- 
tions which give the same distortion at the higher modulation 
frequencies, and so are compared on the basis of the voltage constant 
v at grid resistances inversely proportional to the grid condenser 
capacity. This gives a comparison under conditions of equal dis- 
tortion, and under such circumstances the change of grid potential 
produced by the signal is inversely proportional to the voltage 
constant, so that the tube with the smallest v gives the greatest change 
of grid potential. 

The overall performance of a detector depends upon the 
change of grid potential, the criterion for which has already been 
given, and the amplification of this grid voltage. Unfortunately, 
there is no simple physical quantity that correctly gives a figure 
of merit for the entire detector action, and for the present the two 
functions will be considered separately. 

2 This statement and the similar italicized phrases in the next two 
paragraphs assume that the grid-leak resistance is so high as to have 
negligible effect on the voltage drop across the grid leak-condenser 
impedance. The exact statement is that for equal distortion the conduc- 
tance of the grid resistance and the grid-leak resistance in parallel should 
be proportional to the effective grid-condenser capacity. The conduc- 
tance of the grid-leak resistance is ordinarily so small that for most uses 
the exact rule is not necessary. 

* For an exact analysis see Terman, l.c.; or Ballantine, “Detection by 


Grid Rectification with the High-Vacuum Triode,” Proc. I. R. E. 16, 
593; May, 1928. 


Terman and Googin: Detection Characteristics 153 


REsurTs or TEsTs oN HiGH-Vacuum DETECTORS 


General. Tests of numerous types of tubes under a wide 
variety of conditions in every instance gave a relationship between 
voltage constant v and grid resistance R, of the general form 
shown in Fig. 2,in which with increasing grid resistance the voltage 
constant rapidly drops to a substantially constant value that con- 
tinues up to the limit of the measuring equipment used, which 
was about two megohms. The principal differences observed 
between individual tubes, types of tubes, and battery potentials 
were in thevalue of voltage constant over the flat part of the curve, 
the grid resistance where the curve flattened out, and the grid 
voltage required to give a specified grid resistance. 


226 Tube 
-06 Ep= 42 Volts 
Er = 5 Volts 


. 0. 0. r. Ko 1 
Grid Resistance in Megohms 


Fig. 2—Rectifying Characteristics of Typical Detector Tube. 


In considering the significance of Fig. 2, it is to be remembered 
that for good quality telephone reception with standard tubes 
the grid resistance must be between 100,000 and 200,000 ohms. 
The exact value to use depends upon the allowable distortion at 
the high modulation frequencies and can be computed with the 
aid of the equivalent detector circuit of Fig. 1. In code reception, 
grid resistances several times the values most suitable for tele- 
phone reception are preferable. The important operating range 
of the detector is hence at grid resistances in the range from 
100,000 to 500,000 ohms. The essential points to observe in com- 
paring the detector action of different tubes are (1) the value of 
voltage constant over the flat part of the characteristie, and (2) 
the grid resistance at which the characteristic becomes flat. 

Comparison of the Detector Action of Tubes of the Same Type 
under the Same Conditions. It was found that the v — R, character- 
istic of different tubes of the same type, operated at the same 
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plate and filament voltages, was consistently uniform. The value 
of voltage constant v over the flat part of the characteristic for an 
individual tube practically never departs over 15 per cent from 
the average value of all tubes. 

The principal individual difference between tubes is in the 
value of grid voltage required to give a given grid resistance. 
There were also some differences between tubes in the grid re- 
sistance at which the characteristic became flat, and in the char- 
acteristic before the flat portion was reached. 

A typical comparison of several tubes of the same type is 
given in Fig. 3. The detection characteristics of individual tubes 
appear to be about as uniform as plate resistance, plate current, 
etc. This was found true for all types of tubes tested. 


g CES, EDS 


Ep= 42 Volts 
Eg 2 5 Volts 


0.2 4 . k i 
Grid. Ragetonce tp Headband 
Fig. 3—Comparison of Three 201-A Tubes. 


Effect of Filament Voltage. Substantially the only effect of 
changing the filament voltage of a tube is to alter the grid voltage 
at which a given grid resistance is obtained, this grid voltage 
being more negative at the higher filament temperatures. The 
voltage constant v at a given grid resistance is roughly independent 
of filament voltage until the electron emission has dropped to the vicin- 
ity of the saturation value. The results presented in Fig. 4 are typi- 
cal of alltubes. In general the part of the characteristic before the 
flat part is much more influenced by electron emission than is the 
flat portion, and as the filament voltage is reduced the effect is 
noticed at the lower values of R, before becoming evident at high 
grid resistances. The minima of v seen in Fig. 4 are found in all 
tubes. 

Effect of Plate Voltage. Variations in plate voltage between about 
16 and 122 volts have practically no effect on the value of voltage con- 
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stant v at a given grid resistance provided this grid resistance ts on 
the flat part of the v— R, characteristic. If on the dropping part, 
the voltage constant decreases slowly with increase of plate vol- 
tage. The results of Fig. 5 are typical. For the tube shown, the 
curve for R, = 100,000 ohms is the only one not on the flat part. 
The principal effect of increasing the plate voltage is to make a 
more positive grid necessary for a given grid resistance. 

At very low plate voltages the detector voltage constant is 
somewhat erratic in its behavior, but is in general rather small, 
indicating good rectification. Some tubes, such as the 227 heater 
tube will actually rectify about as well with zero plate volts as at 
any voltage. 


20-A Tube 
Ep= 42 Volts 


| 


3 lament Voltage 
Fig. 4—Effect of Filament Voltage on Detector Voltage Constant. 


Effect of Age. Age or use seems to have no effect on the v— R, 
characteristic of detectors provided the electron emission is suffi- 
cient. Tubes that had been used hundreds or thousands of hours, 
and even tubes that had been rejuvenated several times tested 
substantially the same as new tubes. 


TABLE I 
AVERAGE DETECTION CHARACTERISTICS OF TUBE TYPES 


R, at start Highest un- 

Type Number ? of flat part n Ry distorted 

tested , (flat part) (approximate) (45 volts) frequency 
201-A 7 0.47 150,000 8 14,000 ,900 
200-A 3 0.47 50,000 20 30,000 11,500 
240 2 0.47 150,000 30 150,000 3,500 
199 6 0.50 125,000 6 17,000 4,250 
120 6 0.45 125,000 3 8,000 4,250 
171-A 4 0.28 200,000 3 2,500 2,000 
112-A 5 0.26 150,000 8 9,000 3,500 
226 7 0.29 150,000 8 9,000 3,500 
227 6 0.23 50,000 8 10,000 11,500 
12 2 0.26 50,000 6 17,000 11,500 
102-D 3 0.27 100,000 30 90,000 5,300 
310 1 0.45 150,000 8 10,000 3,500 


Note: Values for v are average over entire flat portion for tubes listed as tested. 

All tubes made by R.C.A. except 102-D which is a Western Electric tube. 

Highest undistorted frequency is highest frequency reproduced at least 70 per cent as 
well as low notes with grid condenser plus tube input capacity of 300 uf. 
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Comparison of Tube Types. The results of an extensive series 
of tests are presented in Table I. The figures given for each 
tube type represent the average of all tubes of that variety 
tested. Individual readings practieally never differed by more 
than 15 per cent from the means tabulated for the voltage 
constant v. 

The rectifying ability (i.e. the change of grid potential pro- 
duced by a given signal) of the different tubes of Table I can be 
directly compared at the same grid resistance because the grid- 
filament tube capacity of all types shown is so near the same as 
to make it common custom to use the same grid-condenser capa- 
city in all cases. When operated at grid resistances that are in 
the flat part of the characteristic, the rectifying ability is inversely 


L 20 | i 80 To 
Plate Voltage x 
Fig. 5— Effect of Plate Potential on Detector Voltage Constant. 


120 


proportional to v, so that the tube with the smallest v (the 227 
type) gives the greatest change of grid potential with a given 
signal, and the tube with the largest v (the 199 type) gives the 
smallest change of grid potential. 

The actual sensitivity of a tube acting as grid leak-condenser 
detector depends not only upon the rectifying ability of the tube, 
but also upon the extent to which the change of grid potential is 
amplified. Thus in 199 tube is not as sensitive a detector as the 
201-A type because although both have substantially the same 
voltage constant, the 201-A type is a better amplifier because of 
its higher u and lower plate resistance. 

The values of voltage constant v given in TableI for the flat portion 
of the v — R, characteristic apply for all plate voltages above 16 volts 
up to at least 122 volts (or until the plate current is excessive, as in 
low u tubes), and for all filament voltages above those giving electron 


Terman and Googin: Detection Characteristics 157 


saturation. The value of grid resistance at which the flat part of 
the v— E, characteristic begins is lowered very slightly by in- 
creasing the plate voltage, and also, at least up to a certain point, 
by increasing the filament voltage. 
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Fig. 6—Detecting Characteristics of Typical Types of Tubes. 


A comparison of the rectifying ability of the principal de- 
tector tubes now in common use is given in Fig. 6, which includes 


a typical representative of each type. 
The Type 200-A Alkali Vapor Detector. Although this tube 


contains gas its characteristics are very similar to those of high 


Grid voltage 
Fig. 7—Grid-Voltage Grid-Current Characteristics of Standard Tubes. 


vacuum tubes, as evidenced in Fig. 6. The characteristics of the 
200-A tube change a little with variations in plate voltage, but 
seem to be unaffected by moderate use, or by filament tempera- 
tures provided electron saturation is present. The voltage con- 
stant of the alkali vapor tubes is constant above a grid resistance 
of less than 50,000 ohms. 
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As a rectifier the alkali vapor tube is almost exactly the same 
as the 201-A tube, all superiority of the 200-A tube as a detector 
coming from its higher u, and from the fact that its wide range of 
the flat part of the characteristic makes possible high-quality re- 
ception without impairment of sensitivity. 

The Grid-V oltage Grid-Current Characteristic. The grid-voltage 
grid-current characteristic of different tube types is similar in 
general form, but differs in steepness, and in location along the 
grid-voltage axis, as shown in Fig. 7. 

The more sharply the curve bends upward the smaller the 
voltage constant v and the better the detector. Displacement 
along the grid-voltage axis is of no importance other than affect- 
ing the grid leak required to give a desired operating grid resis- 
tance. It will be observed that the tubes with the lowest cathode 
voltage drop are generally farthest to the left, as one would expect. 
Decreasing the plate voltage, or increasing the filament voltage, 
displaces a curve to the left without materially altering its shape. 
At very negative grid voltages the grid-current of the 200-A tube 
is seen to go through zero and reverse as a result of ionization. 


Discussion 


The conclusions of this paper are based on approximately one 
thousand separate measurements of detector voltage constant v, 
of which about one third were of an exploratory nature, and are 
not used in the final results. These measurements were on the 
average correct to probably five per cent. The results on the same 
tube taken at different times on the same set-up always agreed 
within this limit, as did results taken on three different bridge 
outfits, two of which used the Wagner earth connection while the 
other did not. If desired, the precision could be greatly improved, 
but for this study it was preferred to make a large number of 
measurements of fair accuracy rather than a few very correct ones. 

A number of integrity tests were made to check the accuracy 
of measurements and the correctness of the general theory. These 
were made by applying a known unmodulated signal to the grid 
leak-condenser detector when at a known operating point, and 
measuring the change of plate current. Measured values averaged 
5 per cent above the predicted theoretical quantities, with a maxi- 
mum variation about this mean of approximately 5 per cent. 

The grid resistance at which the flat part of the v— R, charac- 
teristic begins is one of the most important properties of a detector 
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tube, as it determines the highest audio frequency that the grid 
leak-condenser detector can reproduce at full sensitivity. The 
detector voltage constant v increases in value so rapidly as the 
grid resistance is lowered below the limit of the flat portion that 
operation much below the bend of the curve is entirely impractical 
because of the great loss in sensitivity. The end of the flat part 
of the v— R, characteristic therefore sets the minimum grid re- 
sistance that will give satisfactory sensitivity, and this minimum 
grid resistance fixes the highest audio frequency that can be 
reproduced without undue distortion. The last column of Table I 
gives the highest audio frequency that is reproduced at least 70 
per cent as well as the low notes when the operating point is at 
the grid resistance marking the end of the flat part of the v— R, 
characteristic, and the conventional size grid condenser is used. 

The points which it is desirable to incorporate in a detector 
are: (1) a small value of voltage constant v, which gives a large 
change of grid potential with a given signal; (2) a v — R, character- 
istic which is substantially flat, or at a minimum, at grid resis- 
tances in order of 100,000 ohms; and (3) a high amplification of 
the change of grid potential. It is also helpful to have a small 
inter-electrode capacity in order to permit the use of a small grid 
condenser. The amplification of a tube is proportional to u//R, 
where power output is desired, but is proportional to u in the ease 
of resistance or impedance-coupled amplifiers. 

The selection of a grid leak-condenser detector tube depends 
upon the circuits involved. When compared on the basis of the 
audio-frequency power output obtained from a given signal, and 
disregarding quality, the figure of merit is (u / VR,) / v. On this 
basis the 227 heater type tube is very definitely superior to all 
other standard receiving tubes. The types 112-A, 226, and 12 are 
approximately tied for second place, and are followed by a third 
group made up of types 240, 171-A, and 200-A. The next group 
includes types 201-A and 199, while the 120 type is the poorest 
detector of the entire group. If quality of output is taken into 
account the types 227, 12, and 200-A gain an additional advan- 
tage over the rest. When resistance-coupled amplification is used 
the figure of merit is u/v, making types 102-D, 240, and 200-A 
preferred in the order named. It is worth noting that the 112-A 
tube is very superior to the 201-A type as a detector when both 
are at the same plate voltage and filament power. 

À comparison of tube types 201-A, 240, and the gaseous 200-A 
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indicates that a tube similar to the 201-A or the 240 but with u — 20 
would have almost exactly the same voltage constant v as the 
200-A. The alkali vapor in the 200-A tube would therefore seem 
to be of no advantage except insofar as it extends the flat portion 
of the v — R, characteristic into low grid resistances. 

The best plate voltage to use on a detector is ordinarily the 
highest available, subject to the limitation set by the allowable 
plate current. At least 45 volts should always be used, and gener- 
ally 67 to 90 is better. A high plate voltage lowers the plate resis- 
tance and does not affect the voltage constant at & given grid 
resistance. Only in the case of resistance or impedance coupling 
is the plate voltage unimportant. 

The filament voltage is relatively unimportant provided it 
produces sufficient electron emission to give saturation. 

The grid resistance at which the detector operates is deter- 
mined by the grid-leak resistance and the potential of the grid 
return lead. The operating point can be conveniently controlled 
by the resistance of the grid leak. 

After considering the detector characteristics of tubes now 
available one naturally wonders just what design and construction 
features give a sensitive detector tube. While the results of this 
paper do not answer this question, analysis of the data does indi- 
cate that voltage drop in the filament,‘ type of filament (oxide or 
thoriated), power rating of tube, and changes in u are not the most 
important elements. An investigation is now being made into 
this and other features of detectors, and it is hoped that definite 
conclusions ean be reported at some future date. 

The authors wish to acknowledge their appreciation of the 
assistance rendered by Messrs. R. Whittern and E. R. Adams in 
supplying the vacuum tubes used in this study. 


* The general tendency is for oxide coated filament detector tubes to 
be superior to other types, but there is a wide variation in oxide coated 
filaments, some of which (as a J tube tested) have voltage constants of 
over 0.40 volt. 
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FILTERING ANTENNAS AND FILTER-VALVE CIRCUITS* 


Bv 
JozEF PLEBANSKI 
(Chief Engineer, Polish Marconi Company, Warsaw, Poland) 

Summary—Some methods of coupling together many circuits or antennas 
giving them simultaneous excitation from the same source of energy are de- 
scribed. The purpose of such arrangements is the construction of practical 
filter circuits (filtering antennas) giving square-topped resonance curves with 
good efficiency. Some interesting phenomena with coupled antennas are 
described. 


HE importance of square-topped resonance curves in the 
| iea of wire telephony was recognized many years ago. 

Many useful circuits have been developed and constructed 
by Campbell and others. The importance of square-topped 
resonance curves for radio work has often been discussed and 
described. The Marconi Wireless Telegraph Company, Ltd., 
has used some filters of this kind in their commercial receivers;! 
other companies have probably made use of them also. 

In radiotelephony, especially with broadcast receivers, 
“square-topping” did not attract much attention, since more 
pronounced and more obvious problems were considered more 
important at the moment. 

F. K. Vreeland? has reported some filter circuits in his design 
for receivers, giving square-topped resonance curves and pointing 
out their usefulness for distortionless reception of a modulated 
wave. The author has been interested in this problem for a long 
time, and has also developed some interesting circuits and antenna 
arrangements? which will be described herein. As the importance 
of such curves is recognized, the author will limit this paper to 
. the special arrangements developed by him. The filter circuits 
which were developed consist of resonant circuits coupled to- 
gether and simultaneously excited by the same source of energy 

* Dewey decimal classification: R386. Original manuscript received 
by coe December 28, 1927. Revised manuscript received June 

' 1 See Marconi Pamphlet No. 230/2. 

2 F. K. Vreeland, “On the Distortionless Reception of a Modulated 

ae and Its Relation to Selectivity,” Proc. I.R.E., 16, 255; March, 


? British Patents 211.151 (1923); 271414 (1926) French Patent. 
576.785 (1923). U.S. A. Patent Serial No. 690.120. 


161 


162 Plebanski: Filtering Antennas and Filter-Valve Circuits 


(electromagnetic wave, anode cireuit of a valve, ete.) The output 
connections are attached to one of the parallel circuits. The 
performance of this arrangement can be determined from the 
deseription given below. 


Fig. 1 


If we have n antennas mutually coupled (see Figs. 1, 2, and 3) 
or resonant circuits which receive energy simultaneously from a 
high-frequency source (i.e., an electromagnetic wave), the differ- 
ential equations of these circuits can be easily written and the 
solution indicates that in every circuit both forced oscillations 
of the same frequency as the source of energy and free oscilla- 
tions will be generated. These free oscillations represent a number 
of different] frequencies. As a result of the damping of the 
circuits, all free oscillations disappear after a short time, while 
the forced oscillations remain. 


Fig. 2 


It can be shown that the time of the disappearance of the free 
oscillations or the transitory condition of such circuits is shorter 
than that of ordinary series band filters. The forced oscillations ` 
can easily be calculated by well-known methods. We shall first 
examine two parallel cireuits or antennas excited simultaneously: 

(1) for a constant incoming wavelength and variable tuning 
of the circuits, (2) for a variable incoming wavelength and con- 
stant tuning of the circuits. 


Two PARALLEL CIRCUITS OR ANTENNAS COUPLED TOGETHER 
It can be shown that if we have two circuits or antennas 


* Campbell, Wagner. 
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coupled together the absorbed energies can be calculated by 
means of the following equations: 
R Ey — EZ)? + ER? 
Wi= (i)e X R,=—X— E: E : a) : m E 
2' [ZiZ;— (I&Re- y?) ]*-- (22 4- 52)? 
(Eiy - EZ)! +E? E)? 
[Z3 — (Rs 3- y?) ]?2- (Z3 4- SZ)? 


y^ Mo 


1 1 
Z=( 1w- -) Am (1-7). 
Cio Cao 


For a constant frequeney of the electromagnetic wave and 
constant tuning of the first circuit, the effect of the degree of 


Rz 
W= (te) eg X Rs as 


where 


$i 
5a 
o> 


coupling is very interesting when the tuning of the second circuit 
is made variable. 

In Fig. 4 curves for two circuits are given. Power absorbed is 
plotted as a function of the tuning of the second circuit. The first 
circuit is tuned to the incoming wavelength, then it is coupled 
with the second circuit, which is then tuned by means of a tuning 
condenser. Near the resonance point of the second circuit we 
have a minimum of current in the first circuit, then a maximum, 
and the asymptotical currents decrease. The maxima and minima 
depend on the coupling. This phenomenon is clearly shown in 
Fig. 4. In the second circuit we have ordinary resonance curves, 
although the apparent resistance is higher. 

Judging by these curves the current at its maximum in the 
first circuit coupled with the second circuit is greater than in 
the first circuit alone, not coupled with the second circuit. The 
mutual coupling of the two circuits reduces the apparent resis- 
tance of the first circuit. It is obvious that in this case the first 
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cireuit receives energy not only from the electromagnetic wave, 
but also from the second circuit. From Fig. 4 we can easily 
calculate the efficiency of this arrangement, which can be 
exceedingly great (90 per cent or more). 

In series filters the efficiency must be much less because the 
efficiencies of different chain members of the filter must be mul- 


weet 
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Ee 
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Fig. 4 


tiplied in order to obtain the efficiency of the whole system. 
The over-all efficiency of a series filter is indeed very low (about 
50 per cent), depending on the number of sections. It can also 
be shown that for several parallel circuits the same effects can 
be obtained, and that the efficiency of such filters is greater than 
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the efficiency of series filters. If the effective resistances of the 
two coupled circuits are different, very sharp resonance curves 
are obtained. The relation between minimum and maximum 
can be very great. 


an 
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Fig. 5a 


For all eurves mentioned above it was assumed that the 
electromotive forces were equal. If they are much different we 
observe the ordinary effect of the two coupled circuits with an 
electromotive force in one of them. The more the electromotive 
force appears in one of the circuits the more the minima and 
maxima are smoothed out. 
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Fig. 5b 


The above-mentioned effects could be obtained by exact 
calculation of the electrical values of the two circuits. It is obvious 
from the above-mentioned figure that the effective resistances 
of the two circuits must have the correct relation to the coupling 
degree of the two circuits. 
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wM = Ri; oM = R; Ri 2 Re 


The position of minimum and maximum can be changed if 
we shift the coupling coil through 180 deg. or if we change the 
phase of the electromotive force by 180 deg. In this case we have 
first maximum and then minimum, if we go from a lower to a 
greater frequency. 
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Fig. 5c 


Constant TuninG or Circuit I anp CIRCUIT II with THE 
WAVELENGTH OF THE ELECTROMAGNETIC WAVE VARIABLE 


We take the same circuits as described in Fig. 4, and change 
the frequency of the oscillations. Again we obtain deformed 
resonance curves. The curve JR, has a flat minimum and a 
maximum. The curve JR; has two maxima and one minimum. 
In Fig. 5 the curves of J 27/2 are represented. In Fig. 5b the curve 
of J?R, is shown when R< <R,. In Fig. 5e the curves of 
JR, and J;R; are shown for circuits with R,— Rs; but with 
different values of C and L. 


THREE AND More Circuits IN PARALLEL 


The calculation of mathematical figures for three and more cir- 
cuits or antennas in parallel is very difficult as the corresponding 
figures are complicated. In order to facilitate this work we put 
some of the coefficients of mutual induction equal to zero. Such 
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a simplification of the problem is permissible because we can 
always construet an antenna or a circuit so that some of the 
coefficients of mutual inductance will equal zero. It is very 
diffieult, often impossible, to construct three or more circuits 
with the same coefficients of mutual inductance. 
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Let us take the circuits as shown in Fig. 1; we can put M$,—0; 
that is, the coupling between the second and third circuits equals 
zero. We can obtain the same condition for more than three 
circuits. In this case the corresponding mathematical figures are 
deduced more readily. 

If we have three circuits (Fig. 1), we can put M;;— M3» —0, 
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and we thus obtain the corresponding figure for absorbed energy: 
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We shall now study the change of currents: (1) for a given 
wavelength of the electromagnetic wave, and (2) for a given 
tuning of the three circuits as a function of a variable wavelength 
of the received wave. For a constant frequency of the wave with 
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the first and second circuits tuned to maximum current in the 
first circuit and variable tuning in the third circuit, 2 phenomenon 
similar to that of two circuits in parallel is obtained; there is a 
minimum, a maximum, ete. 
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For a VARIABLE FREQUENCY OF WAVE AND CONSTANT TUNING 
OF THE THREE CIRCUITS 


Here we attain very interesting curves. Let us discuss a 
practical case (Fig. 6). We have frame aerials (closed circuits) 
as indicated in Fig. 1. The first frame was connected to a gal- 
vanometer through a detector. The second and third frames 
were removed and Curve V was taken for the first frame by 
changing the heterodyne frequency; that is an ordinary resonance 
curve. After this the second frame was coupled with the first 
and adjusted in order to give the maximum of current in the 


Fig. 8 


first frame for \=470 meters. Then the third frame was coupled 
and adjusted to obtain still more current in the first frame. This 
done the curve for the current of the first frame was checked 
(Curve I). Then the second frame was slightly detuned by 
increasing its capacity about three per cent and the third frame 
detuned by diminishing its capacity about three per cent. The 
corresponding curve has two maxima (Curve II). If the detuning 
of the second and third frames is diminished a setting can thus be 
obtained where Curve IV appears, and the filtering effect of 
this arrangement becomes evident. This arrangement received 
with uniform intensity a band of frequencies approximately 
20,000 cycles wide. The frequencies lying outside this band are 
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strongly damped; Curve IV on either side of the drawing goes 
below Curve V. If the detuning of the second and third frames is 
further diminished, Curve III is obtained, which is similar to a 
normal resonance curve. It must be pointed out that all eurves 
have a pronounced minimum. It is obvious that with five and 
more circuits still better results can be obtained. 
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Fig. 9 


Taking three frames, with the second and third having resis- 
tances equal to zero by reaction, a resonance curve is obtained, as 
in Fig. 7. That is an inverted resonance curve. 

The same arrangement can be used for a multiplex transmit- 
ting system in wireless telephony and telegraphy. 


Fig. 10 


Fig. 8 shows a system of multiplex transmission. A radiating 
antenna is coupled with two closed circuits B and C, influenced 
by a transmitter's intermediate circuit A, and coupling M,. The 
intermediate circuit influences at the same time the two closed 
circuits B and C ; transmitter I excites the antenna by the inter- 
mediate circuit A, and allows radiation of energy on a wave A,.. 
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Transmitter II acts by the intermediate circuit A» and coupling 
M^; upon the same aerial and the same coupled circuits B and C. 
It is possible in this way to transmit on the same antenna a 
second wave àz. Transmitter III acts by the intermediate circuit 
A; and coupling M; upon the antenna and the same closed 
circuits B and C, allowing transmission of a third wave ^. In 


Fig. 11 


such a manner it is possible to transmit simultaneously many 
waves from one radiating antenna. If in general there are (n — 1) 
closed circuits coupled with the antenna, n messages can be trans- 
mitted simultaneously. 

With correct tuning of the coupled circuits a band of frequen- 
cies amounting approximately to 10,000 cycles will be radiated 
in a square-topped resonance curve. (Fig. 8) In this case we 


Fig. 12 


must have some independent drive circuits connected to the 
grids of amplifying valves in such a way that the modulated 
wave will be transmitted by the antenna system without distor- 
tion. If multiplex transmission is to be obtained by the arrange- 
ment shown in Fig. 8 many drivers tuned to the respective wave- 
lengths of the antenna system are required. In this case the 


172 Plebanski: Filtering Antennas and Filter-Valve Circuits 


characteristic curve of the antenna will be as indicated in Fig. 9. 
The curve shown by dotted lines is the resonance curve of the 
antenna with circuits B and C removed. 

It is possible to use one driver circuit and one amplifying 
system together with the antenna system described. In case of 
modulation of the wave by many frequencies (acoustic or super- 
sonic) so that the resulting modulation waves are in resonance 


Fig. 13 


with the antenna system, a multiplex transmission can be obtained 
very simply. 

The same may be said of an antenna system used for reception, 
but in this case we must have many parallel open aerials or many 
parallel frame aerials; otherwise simultaneous excitation of all 
circuits by incoming waves cannot be had. This applies to inter- 
valve filters also. For instance, if we wish to obtain an intervalve 


Fig. 14 


filter with square-topped resonance curve or some other curve 
suitable for good transmission or reception, we must construct 
according to Figs. 10, 11, 12, 13, and 14. On these drawings E 
indicates non-inductive resistances. Intervalve filters of this 
kind can be constructed also to obtain resonance curves with 
many peaks like those of Fig. 9. This arrangement can be 
effected either by means of variable condensers or inductances 
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tuned to different wavelengths, or with fixed condensers or 
inductances, for instance, in superheterodyne receivers. 

The same types of intervalve transformers can be utilized 
for amplification of a number of waves for multiplex transmission, 
amplification, or reception. The regenerative effect may be used 
and reaction coils applied (Figs. 11 and 12). These coils may 
be coupled with one or with all circuits, or special reaction valves 
and reaction circuits not connected directly to the whole system 
may be applied. The various possible schemes are indicated in 
the drawings, which are self-explanatory. 

The curves obtained experimentally have been found similar 
to those reported in the paper by Mr. F. K. Vreeland,” and Figs. 
6, 7, and 9 of this paper. 
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Discussions on 
THE RECEIVING SYSTEM FOR LONG-WAVE 
TRANSATLANTIC RADIO TELEGRAPHY* 


Austin Bailey, S. W. Dean, and W. T. Wintringham 


(At meeting of Washington, D. C., Section of the Institute, 
October 11, 1928) 

F. P. Guthrie: The most interesting points are always 
brought out in the discussion after the paper. I have a couple 
of questions I want to ask. You state you get a great improve- 
ment by going up into Maine, but there is a lot of difference 
between Maine and the North Pole. Could you go farther north 
and get greater improvement? 

Austin Bailey?: Maybe you could. I think it is an economic 
question. Wire circuits cost money and power costs money, and 
it is a question of where you can get the best communication cir- 
cuit for the least cost. If you figure you can obtain a good and 
more economical circuit by moving farther north, then move 
farther north. The transatlantic radio circuit is young yet. It 
is only two years old. And some further improvements may be 
obtained by just such means as that. 

F. P. Guthrie: Does that mean that our Canadian friends 
have a great advantage over us always? 

Austin Bailey: I think it does mean some advantage for long 
waves. If they are going to communicate with England, they are 
nearer to England, and farther away from primary sources of 
static. 

A Member: Couldn't you get far enough north that the 
aurora borealis would be serious, or just what does that do to 
the transatlantic signals? 

Austin Bailey: I have heard it twice in Cupar, Scotland, and 
it is a very interesting thing to hear. It gives a sort of a hissing 
noise. I imagine a good many people besides myself have heard 
it. It is a source of interference, and it may be serious, but as 
yet we have no data at all to indicate how serious. 

A Member: During time of aurora borealis there is à very 
great decrease in the field strength of the signals—greatest 

* Pnoc. I.R.E., 16, December, 1928. 

1 Radio Corporation of America, Washington, D. C 


? Department of Development and Research, American Telephone 
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especially in the ordinary broadcast wavelengths. I have not 
really observed it in the longer wavelengths. 

Austin Bailey: First of all, it is probable, I believe, that the 
aurora borealis and the variations of the magnetic field of the 
earth are due to a common cause. The variation in signal field 
strength observed in the broadcast frequency range, and much 
more so at higher frequencies, is probably due to magnetic field 
variation or to the same thing that causes both of the other 
things. I cannot answer what it is due to, but the fact remains 
that there is some correlation between these things. On the 
very high frequencies increase in disturbance of the magnetic 
field is, in general, accompanied by very low signal fields. At 
such times on long wavelengths you will get an increase in the 
daylight field strength and a decrease in the night-time field 
strength. 

August Hund’: The speaker has shown us on the screen the 
transmission formulas due to Sommerfeld, Austin and Cohen, 
and Fuller, and one worked out by the Bell System and men- 
tioned that each formula gave about the same results for the 
frequency band and distance in question. I wonder whether 
the speaker has ever tried to find out from these formulas what 
distance should be used for a certain frequency for the best 
reception at the other end. The formula lends itself very readily 
to such an experiment, because it is onlv necessary, for instance, 
to differentiate with respect to the frequency and solve for a 
maximum, or to differentiate with respect to the distance and 
solve for a maximum. 

Austin Bailey: There is, of course, more to the problem of 
choosing the best frequency for a given distance than is indicated 
by Dr. Hund's thought. The best reception depends also upon 
the transmitting antenna efficiency and the static at the receiv- 
ing station as shown by Figs. 1 and 2 of the paper. Furthermore, 
the transmission formula was derived for the particular trans- 
atlantie path under consideration, and how well it will work for 
any other transmission path I do not know. 

August Hund: In the course of his lecture the speaker has 
given us a very ingenious method for getting the characteristic 
impedanee as well as the propagation constant of his wave- 
antenna. The method to which I have reference measures these 
quantities by using two known terminating impedances at the 
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end of the line. The reason was, if I understood it right, because 
the usual method, which carries on the measurement for the 
open-ended and shorted line, would give either unusually small 
or unusually large values, which would make the measurement 
very diffieult. I just wonder whether it would not be possible 
to measure the characteristic impedance simply at any point by 
noting the potential at that point and the current through that 
point? 

Austin Bailey: The only thing you get by doing that is the 
absolute value of the impedance. You eannot measure the phase 
angle; therefore, you cannot get the propagation constant. 

August Hund: In case of a wave-antenna, we have to adjust 
at the transmitting end exactly to the value of the characteristic 
impedance. Now, I just wonder whether, for the different 
weather conditions, this surge impedance can be considered as 
constant. 

Austin Bailey: As an actual matter of fact, we have made 
measurements over an extended period of time to determine 
that. The variations are remarkably small. Surface moisture 
and the depth to which the ground freezes do not seem to have 
any large effect on the antenna characteristics. The ground 
waves and constants are not greatly affected except by slow 
changes over long periods of time. 

August Hund: When Dr. Austin and Dr. Cohen gave us 
their empirical transmission formula it worked all right for a num- 
ber of years. The reason for this was that for the first series of 
their experiments they were working only over comparatively 
short distances, but as soon as Dr. Austin extended his work 
over considerable distances he felt the need of changing his 
formula in order to agree with his measurements. The reason 
is probably due to the fact that even in the original Sommer- 
feld formula we find only one exponential term. Although I do 
not believe in making a formula more complicated than it is al- 
ready, it would seem that a formula with two exponential terms 
might give more reasonable values. The reason for this is be- 
cause when we receive over very, very great distances sometimes 
a wave may go around the Great Circle one way just as well as 
the other way. Asa matter of fact, such cases have been reported 
in the literature where the signal was received over each path. 
(Of course, in this consideration, I am not thinking of the Heavi- 
side layer and its effect.) Now, if we should take two exponential 
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terms, one holding for one path and the other for the other path, 
it might perhaps explain why the intensity over long distances 
should change when only one term is used, as in the present 
empirical formula. 

Austin Bailey: I think that there have been proposed a few 
transmission formulas to take into account overland and over- 
water transmission, but I do not believe that anyone has pre- 
viously proposed your idea of transmission in two directions. 

A. H. Taylor*: In working at the R.C.A. station at Chatham, 
Massachusetts, at night I noticed that the signals from Long 
Island could be barraged out for only a few moments at a time. 
I was interested in that because the variation in direction is 
present at night. These variations seem to be maximum around 
200 miles depending somewhat on the frequency. At night here 
in the winter time, provided with excellent compensation there 
are instantaneous fluctuations of 90 deg. on New Brunswick di- 
rection and are very rapid. I have never made any measurements 
exactly at the frequency you are working on. Do you know what 
those variations are? They should be much less on transatlantic 
stations. 

Austin Bailey: If you receive at night you run into this 
effect. We received at Houlton for these wave-antenna tests 
only in the early morning and late evening. We could not work 
at night because of this, and in the daytime the station wes in 
commerical use on traffic, and so the only available times were 
the little pieces at the beginning of the morning about 4 to 7 A.M. 
and in the evening from 5 to 7 p.m. Now, as to the magnitude 
of this variation in the apparent direction, the signals from the 
mobile transmitter at a distance of about 50 miles frequently 
varied in direction as much as 20 deg. during the period immedi- 
ately preceding sunrise. Little advantage can be taken of the di- 
rectional diagram at night, but fortunately you get a fairly large 
signal-to-noise ratio at night and you usually can work satis- 
factorily. It is in the afternoon in the United States when the 
static comes in that the directivity is essential. You would be 
absolutely lost if you did not have directivity at this time of 
day when the signal is decreased due to the intervening shadow 
wall between the transmitting and receiving stations, but the 
static is being received mostly over an all-daylight transmission 
path from the opposite direction from the signal. 
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A. H. Taylor: We had a station at Bar Harbor, one at Long 
Island, one in New Jersey and at Washington. We found a 
progressive increase in the signal ratio especially as you went 
along. That is, New Jersey was distinctly better than Washing- 
ton; Long Island, with inferior receiving apparatus, better than 
New Jersey; Chatham was distinctly better by a definite amount 
than New Jersey, and Bar Harbor was above everybody, not 
only in the signal-noise ratio, but due to the fact that the total 
signal intensity was tremendous up there, and you could copy 
from stations on much higher frequencies. During the years of 
the development of the Radio Corporation, it was the consensus 
of opinion among all of us engaged in transatlantic telegraphy 
that for the general New York-Washington location there was 
no use fooling with anything short of 12,000 meters. It simply 
did not go during the summer months. Are we to infer from these 
more recent developments with modern amplifiers, that the opin- 
ion ought to be revised? We based that opinion on the signal- 
noise ratio which should not be affected by amplifiers, and we 
also had the use of fairly directive receiving equipment. Am I to 
believe now that it would be possible to drop the wave for trans- 
oceanic telegraph and get communication in the summer time? 

Austin Bailey: There is one other factor to be taken into 
consideration, and that is the efficiency of the transmitting 
antenna. Take that factor into consideration and build anan- 
tenna with Rocky Point efficiency, and you will probably get 
better communication service at higher frequencies even in the 
summer than you would on the longer wavelengths. 

A. H. Taylor: If you could not go up to Maine and received 
it somewhere between here and New York, could you do it? 

Austin Bailey: We do not have any data for locations between 
here and New York to answer that. On Long Island the higher 
frequencies are undoubtedly preferable. Of course, a directive 
system located as far south as New York is at great disadvan- 
tage, because a large number of storms occur in front of it, and 
there is no hope during these periods. At Houlton there are 
about 12 thunderstorms a year on the average. 

A. H. Taylor: All downcoming waves have three components. 
In connection with the higher frequencies we have been doing 
some work with these components. We have fallen into the habit 
in our laboratory of referring to three components as the vertical, 
horizontal, and longitudinal thrust. The idea is generally appli- 
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cable to all frequencies. In order to distinguish the two horizon- 
tal components I suggest the terms "horizontal component" and 
“longitudinal thrust.” 

Austin Bailey: That is a very good suggestion. The two com- 
ponents, of course, in this paper, are quite intimately connected 
with the primary plane polarized transmitted wave, and that 
is the reason that we have used the two primary terms, verti- 
cal and horizontal, in connection with our work rather than 
vertical and longitudinal. 

A. H. Taylor: By the way, do you find your night static 
less centered in direction than the daylight static? 

Austin Bailey: Yes, more scattered, and probably partly due 
to the night-time directional variations already mentioned. 

F. P. Guthrie: Are there any essential differences between 
a good antenna for telephony and a good antenna for teleg- 
raphy? 

Austin Bailey: One is that the Beverage-Rice-Kellog com- 
pensation method is perfectly satisfactory for telegraphy. They 
are interested in balancing out disturbances at one frequency 
only. In telephony we have to balance out a band 3000 cycles 
wide, so we should have for telephony a balance which is invaria- 
ble with frequency. We can turn these blind spots around against 
static and still maintain them over the whole telephone band 
range and not just at one frequency. A satisfactory antenna for 
telegraph receiving may not be so satisfactory for telephone 
receiving but not the other way around. 

A. H. Taylor: Do you think that short-wave telephone trans- 
mission can ever be as good as long-wave telephone transmission? 

Austin Bailey: It depends for one thing upon the power you 
use. If you use the same amount of power on short waves as on 
long waves, I should think you would get about equal reliability. 
Long and short waves are vulnerable from different causes. You 
can use small power on short waves and get away with it part 
of the time. 


(At New York meeting of the Institute, November 7, 1928.) 
Alfred N. Goldsmith!: This paper is a clear indication of the 
evolution which follows the first exciting, almost "freak" recep- 
tion, (if we may use the term for reception accomplished only 


P 1 Chief Broadcast Engineer, Radio Corporation of America, New York 
City. 
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under especially favorable conditions,) to a steady and reliable, 
thoroughly planned, and capably engineered service. To listen to 
a paper of this sort is, therefore, not merely to receive technical 
information, but also to have traced before one the evolution of 
a portion of a new art. 

In the midst of an extremely interesting discussion of a 
complicated subject, I hope that no one will go away with the 
impression that we have learned so much about the possibility 
of “improving” broadeasting by eliminating one side-band and 
suppressing the carrier that this method of transmission will be 
seriously proposed for ordinary broadcasting. One gets a dis- 
quieting picture of a few hundred thousand independent local 
oscillators working in New York City, for example, on frequencies 
selected by the casual listener in his operation of the receiver. 
This is definitely not a happy picture. The incorrect selection 
of the re-inserted carrier frequency in broadcasting would result 
in sounds even less harmonious than those which are sometimes 
experienced by the listener utilizing the more conventional type 
of receiving set. 

So that it is to be hoped that optimism will not lead to the 
adoption, at least immediately, in broadcasting of these ingenious 
methods which are so thoroughly applicable in the hands of 
skilled operators working on a single frequency in a trans- 
atlantic telephone receiving station. 

K. S. Van Dyke*: Will the authors mind stating what the 
order of magnitude of their ground connection impedance is, 
partieularly with relation to the characteristic impedance of the 
antennas? 

W. T. Wintringham?: Of the four antennas at Houlton, the 
characteristic impedances roughly average about 420 to425 ohms. 
The lowest values aren’t much below 400, and the highest values 
not much over 450. 

A poor ground, for example the one that was pointed out in 
one of the slides as being on the top of a rocky hill, measures 
about 40 ohms, mostly negative reactance, whereas a good ground 
will measure possibly 1 or 2 ohms resistance, with between 1 
and 2 ohms positive reactance. 


* Department of Physics, Wesleyan University, Middletown, Con- 
necticut. 


? Department of Development and Research, American Telephone 
and Telegraph Company, New York City. 
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Haraden Pratt‘: In these days of high-frequency technique, 
which is absorbing everyone's interest, it is refreshing to see such a 
learned discourse on the older art of low-frequency radio trans- 
mission, particularly in the telephone field, where the conditions 
are a little more exacting from the standpoint of the customer of 
the service. It is inconvenient for a telephone subscriber to be 
interrupted and repeat what he has to say on account of inter- 
ference, and so forth, which the user of the telegraph. service 
isn’t so much aware of—a few repetitions can occur and he 
doesn't know about them— which fact has probably pushed the 
development of this receiving problem a little bit further than 
has been the case in the telegraph field. 

The signal-to-noise ratio study has interested me particu- 
larly on account of the long statistical work which no doubt 
was necessary over a period of years in order to arrive at a con- 
clusive result, and’ it would appear from the paper that the 
workers on the system are particularly fortunate in finding a 
combination which gave a suitable frequency from the signal-to- 
noise ratio standpoint, and also was within financial limits in 
the building of the receiving antenna system, and, fortunately, 
fell within the requirements from the standpoint of band width 
of the transmitting set. 

The favorable location of receiving points in the northern 
part of the country, as Mr. Bailey mentioned, has been observed 
before, and it might be interesting to recount an experience 
that occurred early in the World War, when radio communica- 
tions were being relied upon in case of cable interruption for mili- 
tary communications with Europe. It had been observed that 
receiving conditions in the northern part of the United States 
were favorable, more favorable than in the southern part, and 
therefore an observer was sent to Newfoundland early in 1918 
to see what he could do up there in receiving the low-frequency 
signals from European stations, which at that time were not high 
in power, and which were not able to put good signals into the 
United States in the summertime. 

That man, after he arrived at Newfoundland, found that a 
mistake had been made in the instructions given in regard to the 
equipment which he was to use, and when he unpacked his 
apparatus found a receiving set that had only a limited range and 
prevented his receiving the European stations on their usual 


t Chief Engineer, Mackay Radio and Telegraph Company, New York City. 
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frequencies. But transmitting sets in those days radiated 
harmonies, and during the summer of 1918 this observer sent us 
copy from Newfoundland of signals from some of the European 
stations received on their harmonics, which were sent at times 
when the same signals could not be readily copied at the usual 
pointsin this country. Of course, Newfoundland had the further 
advant age of being much closer to the transmitting point. 

The diagrams of the geological formation of the ground and 
the matter of ground resistance being so important I think is 
particularly interesting, as it shows the trend of the times in the 
matter of correlating the radio engineer’s work with that of the 
geologist, the physicist, and the meteorologist, and I think it 
brings out a great many very interesting points in that regard. 

F. H. Murray’: The use of Raleigh’s solution of the problem 
of random phases in the problem under discussion leads to 
rather laborious computations; a shorter approximate solution is 
derived here. Comparison shows a close numerical agreement in 
some special cases. 

From mathematical investigations it is known that the proba- 
bility that the sum J a; cos (V;t--8;) will exceed any fixed number 
x, the numbers V; being incommensurable, is the same as the prob- 
ability that J-a; cos 0; is greater than x, where all values of any 
0; are equally likely and these angles are independent variables. 
In the Dirichlet integral 
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let g= ^a; cos 0; —z, then the required probability is 
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where J, is the Bessel function of order 0. 
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If N isthe total number of possible sources of terms a cos 8;, p 
the probability that any one source will eontribute its term, and 
the same for all, the probability that enough terms are present 
and have the proper phases to make >a; cos 0; » z is equal to 


E N /N ; et d 
Por ( )ra-» cm etse 
mco Wb 2mJ., WO 
1 © iez 


[1—p(1—Jo) ]¥ dw. 


2rJ_, 1o 
To find an approximate value for P(x), observe that 
((l1—p) + pJ 0)" 


has its maximum value (for real w) at w =0, and decreases rapidly 
for large |w|. Hence only the values of w near w=0 are of im- 
portance in the integral P(x). Writing 
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If z = iw, the required probability becomes 
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In the case N —100, p —0.15, the first term of this sum gives the 
correct value within a few per cent. if z — 5. 


Proceedings of the Institute of Radio Engineers 
Volume 17, Number 1 January, 1929 


Discussion on 
DETECTION WITH THE FOUR-ELECTRODE TUBE* 


(J. R. NErsoN) 

F. B. Llewellyn!: The relations given in Mr. Nelson's valuable 
paper have suggested several interesting points in connection 
with detectors in general and screen-grid detectors in particular. 
Equation (23) in Mr. Nelson’s paper,’ or (31) and (32) in my own 
paper, give the expression for detected current. This expression 
for the case where two sine waves of voltage 


A cos ht 4- B cos kt 


are applied to the grid gives for the component of plate current 
of frequency (h—k) the following expression: 
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It is the nearly invariable practice in detector design to make 
2,—2,-70. In that case the above expression reduces to the 
simple relation, 
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Moreover, since the static characteristic for J,— E, with a 
fixed value of E, may be represented over a considerable range by 
an expression of the form 


I,— KE," 
we have 

Ogm n—1 

m ce 

ðE, nl, 
or, when n=2 

Og. Jm? 

OE, 2I, 


* Proc. I. R. E., 16, 822; June, 1928. 

1 Bell Telephone Laboratories, New York City. 

? F. B. Llewellyn, "Operation of Thermionie Vacuum Tube Circuits," 
Bell System Tech. Jour., July, 1926. 
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which is convenient for rapid approximations. When a more 
accurate evaluation is desired, the dynamic method suggested by 
Mr. Nelson is a simple and reliable one provided small values 
of input a.c. voltage only are employed. 

Since, as shown above, detection depends upon the coefficient 


= which is equivalent to — (5) and since for the screen- 
a 

zd tube u varies considerably in the operating region, it is 
evident that detection with that type of tube is accomplished 
primarily by # variation. This is in striking contrast to the opera- 
tion of the ordinary three-element tube where u is fairly constant, 
and the greater portion of the detection arises from variation 
of rp. 

J. R. Nelson’: Mr. Llewellyn points out that in using the 
dynamic method suggested in my report only small input a.c. 
voltages should be used. This is in general true, and the more 
sensitive the detector the smaller the a.c. input voltage should be. 
A screen-grid tube, however, is an exception to the general case 
as large a.c. input voltages may be applied to the grid of the tube 
and values of 0gm/0e, found will check the values obtained with 
the smaller a.c. input voltages. This is due to the fact as pointed 
out in the paper that the variation of Gm with regard to E, is 
practically constant in the range studied. 

The methed suggested by Mr. Llewellyn is a very convenient 
one for comparing different tubes as bias detectors or finding the 
best operating point of a tube. The values of Gm and J, at the 
operating point are easily found. 

Mr. Llewellyn in a letter to the author pointed out an error 
in (22) and following equations so that n-a: in (23) to (29) 
should read 
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This, however, does not affect the results or conclusions as 
(29) and following equations are not changed. 


3 E. T. Cunningham, Inc., New York City. 
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BOOK REVIEW 


A Bibliography of Electrical Literature. Serial No. 62; Pub- 
lications from the Massachusetts Institute of Technology. 
62 pages, paper bound; price 50c. 


Contains publieation data and outlines scope of the material 
included in publications and bulletins devoted to electrical in- 
formation. It is useful as a guide for either the systematic or 
desultory study of published electrical engineering contributions 
from both American and foreign sources. 


Rarru R. Batcuert 
t Decatur Manufacturing Co., Ine., Brooklyn, N. Y. 
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MONTHLY LIST OF REFERENCES TO CURRENT 
RADIO LITERATURE* 


HIS is à monthly list of references prepared by the Radio 

Laboratory of the Bureau of Standards and is intended 

to cover the more important papers of interest to pro- 
fessional radio engineers which have recently appeared in periodi- 
cals, books, etc. The number at the left of each reference classifies 
the reference by subject, in accordance with the scheme presented 
in “A Decimal Classification of Radio Subjects—An Extension 
of the Dewey System," Bureau of Standards Cireular No. 138, 
& copy of which may be obtained for 10 cents from the Super- 
intendent of Documents, Government Printing Office, Washing- 
ton, D. C. The articles listed below are not obtainable from the 
Bureau of Standards. The various periodicals can be consulted 
at large publie libraries. 


R100. RADIO PRINCIPLES 


R007.1 Hooper, S. C. Considerations affecting the licensing of high 
frequency stations. Proc. I.R.E., 16, 1240-51; September, 1928. 
(Discussion based on study while with the Federal Radio Commission.) 


R113 Edwards, S. W., and Brown, J. E. The use of radio field inten- 
sities as a means of rating the outputs of radio transmitters. 
Proc. I.R.E., 16, 1173-93; September, 1928. 
(A method described by which outputs of radio transmitting sets can be regulated 
by federal authority in terms of measured radio field intensities instead of watts 
in the transmitting set or antenna circuit. Work done on broadcast range only. 
Field intensity contour maps given for several stations.) 

R113 Jansky, C. M. Jr. Some studies of radio broadcast coverage in 
the middle West. Proc. I.R.E., 16, 1356-67; October, 1928. 
(Statistical study based on reports to station WBBM.) 


R113.2 Austin, L. W. Long-wave radio receiving measurements at the 
Bureau of Standards in 1927. Proc. I.R.E., 16, 1252-57; 
September, 1928. 


(Curves and tables give daylight signal intensities of a number of stations and 
strength of atmospherio disturbances.) 


R113.4 Breit, G.; Tuve, M. A.; Dahl, O. Effective heights of the Ken- 
nelly-Heaviside layer in December, 1927 and January, 1928. 


Proc. I. R. E., 16, 1236-39; September, 1928. 


(Report on results of effective heights of Kennelly-Heaviside layer obtained Dec. 19, 
1927 to Jan. 16, 1928 by the reflection method.) 


R113.6 Hoag, J. B. and Andrew, V. J. A study of short-time multiple 
signals. Proc. I.R.E., 16, 1368-74; October, 1928. 


(An investigation of signals which may have travelled one or more times around 
the earth. Shows reflections of signals from region other than Heaviside layer.) 


* Original manuscript received by the Institute, November 14, 1928. 
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Turlyghin, S. J. and Ponomareff, M. J. Zusammengesetze 
Rahmenantennen. (Combination of coil antennas). Zeitschrift 
für Physik, 9, 356-64; 1928. 


(Theoretical investigation of coil antennas and coil combinations, and coil antennas 
with reflectors.) 


Walmsley, T. Polar diagrams due to plane aerial reflector 
systems. Experimental Wireless (London), 5, 575-77; October, 
1928. 


(Derivation of formulas by means of which the polar diagram in any vertical plane 
can ES SUME It is shown that the field behind the reflector is of considerable 
strength. 


Crossley, A. and Page, R. M. A new method for determining 
efficiency of vacuum tube circuits. Proc. I.R.E., 16, 1375-83; 
October, 1928. 


(Method described for determining efficiency of vacuum-tube circuits for high 
and low frequencies by application of surface pyrometer indicating temperature of 
glass walls of tube.) 


Reed, M. The application of alignment charts to valve charac- 
teristics. Experimental Wireless (London) 5, 571-74; October, 
1928. 


(The theory of alignment charts is given and applied to the tube equation for the 
anode and grid voltages and the plate current.) 


von Ardenne, M. The final or power stage of amplifiers. Experi- 
mental Wireless (London), 5, 556-64; Oct., 1928. 


(A discussion of the performance of the amplifier stage energizing a loudspeaker. 
The circuit is treated by means of the dynamic characteristio.) 


Medlam, W. B. Effect of anode-grid capacity in detector and 
low frequency amplifiers. Experimental Wireless (London), 5, 
545-55; October, 1928. 


(An analytical treatment of the effect of the internal tube capacity for detector and 
low frequency amplifier circuits.) 


Watanabe, Y. Über den rückgekoppelten Verstärker. (On 
feedback amplifiers). Zeitschrift für Hochfrequenziechnik, 32, 
77-83; September, 1928. 


(Equations for the amplification of amplifiers with electrostatio and magnetio 
feedback.) 


Grechowa, M. Zur Frage der Erzeugung kurzer elektromagne- 
tischer Wellen. (On the production of short electro-magnetic 
waves). Physikalische Zeitschrift, 29, 726-29; October 15, 1928. 


(Based on an equation by Abraham; the case of the Barkhausen and the Gill and 
Morrell oscillations is studied with respect to their frequency.) 


Pfitzer, W. Die Selbsterregungsbedingungen bei Rückkopp- 
lungs- Róhrensendern für sehr kurze Wellen. (The condition 
for self excitation for short waves of tube generators with 
feedback) Electrische-Nachrichten Technik, 5, 348-69; Septem- 
ber, 1928. 


(The oscillations for very short waves are investigated by taking into account the 
ground capacity and the interelectrode effects. It is shown that the circuit acts like 
a voltage divider. The feedback conditions can than be expressed by simple equa- 
tions which give expressions for the natural oscillations.) 
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Terman, F. E. Some principles of grid-leak grid-condenser 
detection. Proc. I.R.E., 16, 1384-97; October, 1928. 


(Bases discussion on equivalent circuits, measures detection factors.) 


Wheeler, H. A. Simple inductance formulas for radio coils. 
Pnoc. I.R.E., 16, 1398-1400; October, 1928. 


(Two simple formulas presented which are patterned after an empirical formula 
de by Prof. L. A. Hazeltine for inductance of simple types of radio-frequency 
coils.) 


R200. RADIO MEASUREMENTS AND STANDARDIZATION 


Eisner, F. Über punktformige Aufnahme von Wechselstrom- 
kurven, insbesondere bei hoher Frequenz. (On the point by 
point method for tracing a.c. curves particularly at high 
frequency). Archiv. für Elektrotechnik, 20, 473-502; Sept. 17, 
1928. 


(A three-electrode tube method is described for tracing wave shapes by the point 
to point method. The method seems good up to about 10 ke although results have 
been obtained up to 150 kc.) 


Westman, H. P. Frequency stability by magnetostriction 
oscillators. QST, 12, 21-26; November, 1928. 

(Comparison of oscillators and calibration of frequency meters by magnetostriction 
oscillators.) 

Graham, V. M. A gang capacitor testing device. Proc. I.R.E., 
16, 1401-03; October, 1928. 


(Description of testing of gang condensers.) 


Coursey, P. R. On the application of condensers to the measure- 
ment of large radio frequency currents. Experimental Wireless 
(London), 5, 565-71; October, 1928. 

(The methods for measuring large radio-frequency currents are discussed and the 
method with two condensers in parallel is described in detail.) 

Colebrook, F. M. and Wilmotte, R. M. The design of non- 
contact thermo-junetion ammeters. Experimental Wireless (Lon- 
don), 5, 538-44; October, 1928. 


(Contact and non-contact types of thermo-junction a.c. ammeters are compared. 
General principles are given of the designing of the non-contact type. Description 
of two designs of non-contact types embodying these principles with details ns to 
performance. An account of a particular application as a known source of radio 
frequency voltage is given.) 


R300. RADIO APPARATUS AND EQUIPMENT 


Szekely, A. Über die einem Empfanger dureh Erdung zuge- 

fuhrte Energie II. (On a receiving set, energy for which comes 

from the gound—II.) Zeits. fur Hochfrequenztechnik, 32, 83—86; 

September, 1928. 

(The author finds that a coil antenna which has in addition a vertical lead-in to 
round gives a larger current reading. The increase is due to the induction of the 
eld on the vertical lead and is not due to the ground.) 

Rukop, H. Die elektrischen Eigenschaften der Rundfunksender- 

Vorverstarker im Hinblick auf ihre akustisehen Qualities. (On 

the electrical properties of broadcast transmitter amplifiers with 


R342.15 


R382 


R385.3 


R385.5 


R388 


R388 


R521 


References to Current Radio Literature 191 


regard to their acoustic qualities). Zeits. für Hochfrequenztech- 
nik, 32, 86—93; September, 1928. 

(Final peper of articles which appeared in this periodical 32, 18, 1928 and 32. 65, 
1928. Deals with the frequency-amplitude characteristics of the amplifier.) 
Diamond, H. and Stowell, E. Z. Note on radio-frequency 
transformer theory. Proc. I.R.E., 16, 1194-1202; September, 
1928. 

(General equations worked out which include the effect of the distributed capacity 
coupling existing between transformer windings.) 

Rucklin, R. Ein experimenteller Beitrag zum Spulenproblem. 
(An experimental contribution on the coil problem). Archiv 
für Elektrotechnik, 20, 507—532; September 17, 1928. 


(Experimental and theoretical investigation of single layer and pancake coils with 
respect to the critical frequency and current and voltage distribution. The theory 
includes also the contributions due to Rudenberg, Wagner, Boehm, von Steidingen, 
Rogowski, and Dreyfuss.) 


Schulgin, W. M. Der Wehnelt-Unterbrecher als Generator 
elektromagnetischer Schwingungen. (The Wehnelt interruptor 
as generator of electromagnetic oscillations.) Physikalische 
Zeitschrift, 29, 724-26; October 15, 1923. 

{Across a Wehnelt interruptor (platinum-lead) a resonator is connected and a volt- 
age from a direct-current source impressed across the interruptor (platinum forms 
the negative pole). High-frequency oscillations are produced in the resonator 
circuit as in the arc generator.) 

Hartmann, C. A. Neuere Untersuchungen an Kohlmikrophonen. 
(New investigations on carbon microphones.) Elektrische-Nach- 
richten Technik, 5, 344-47; September, 1928. 


(Methods for testing microphones.) 


Sommerfeld, E. Über ein Kathodenoszillographen hóher Span- 
nungs-empfindlichkeit. (On a cathode-ray oscillograph of high 
voltage sensitivity.) Archiv für Elektrotechnik, 20, 607-618; 
September 17, 1928. 

(A cathode-ray oscillograph with accelerated grid and inside photographic arrange- 
ment with a sensitivity of 0.1 em per volt is described.) 

Rogowski, W., Sommerfeld, E., and Wolman, W. Empfindlicher 
Glüheathodenoszillograph für Innenaufnahmen in einem Vor- 
vakuum. (Sensitive cathode-ray oscillograph for photos inside 
the tube under a vacuum.) Archiv für Elektrotechnik, 20, 619-24; 
September 17, 1928. 


(The effect of the acceleration grid is brought out by several oscillograms. It is 
shown that slow electrons only slightly affect the photographie plate which ir inside 
the tube and an increase of the speed of the electrons by fast transients does not 
help much. The slow moving electrons are therefore accelerated by a grid before 
falling in the plate. If an accelerating grid is not used, it is better to photograph the 
fluorescence with a camera outside the tube.) 


R500. APPLICATIONS or RADIO 


Pratt, H. and Diamond, H. Receiving sets for aircraft beacon 
and telephony. Bureau of Standards Journal of Research, 
October, 1928. Research Paper No. 19. Reprint copies obtain- 
able for 15 cents from the Supt. of Documents, Government 
Printing Office, Washington, D. C. 


(Design details for three receiving sets of slightly different type developed for 
a beacon and telephony. Brief discussion of the results of practical flight 
tests. 
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Dunmore, F. W. Design of tuned reed course indicators for air- 
craft radiobeacon. Bureau of Standards Journal of Research, 
November, 1928. Research Paper 28. Reprint copies obtainable 
for 5 cents from the Supt. of Documents, Government Printing 
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The time interval between sound report and radio signal gives a means for cal- 
culating the distance to the shore. In addition, a davice for quickly plotting the 
field sheet is described.) 


Skellet, A. M. Visual method for studying modes of vibration 
of quartz plates. Jnl. Optical Soc. of America and Rev. of Sci- 
entific Instruments, 17, 308-17; October, 1928. 

(Experimental study of the different modes of resonator frequencies of quartz plates. 
Thé glow discharge method of Giebe and Scheibe is used.) 

Masiyama, Y. On the magnetostriction of a single crystal of 
nickel. Science Reports of Tohoku University, Japan, 17, 
945-61; August, 1928. 


(Longitudinal and transverse effects due to magnetostriction were studied in a 
crystal of nickel whose shape was that of an oblate ellipsoid. When the ellipsoid was 
in different positions of a magnetic field, the longitudinal effect produces a contrac- 
tion. The transverse effect is the reverse.) 


Proceedings of the Institute of Radio Engineers 
Volume 17, Number 1 January, 1929 


CONTRIBUTORS TO THIS ISSUE 


Colwell, Robert C.: Born October 14, 1884 at Fredericton, N.B., 
Canada. Received A.B. degree, Harvard University; M.A. degree, 
University of New Brunswick; Ph.D. degree, Princeton University. 
Professor of physies, Geneva College, 1913-23; assistant director of radio 
laboratory, West Virginia University, 1918-19; professor of physics, West 
Virginia University, 1924—-. Member American Physical Society, 
Franklin Institute, American Mathematical Society. Associate member, 
Institute of Radio Engineers, 1921. 

Googin, Thomas M.: Born September 1, 1906, at Durant, Miss. 
Received E.E. degree, Leland Stanford, Jr. University, 1928. At present 
taking the graduate student course of the Westinghouse Electric and 
Manufacturing Company, Wilkinsburg, Penna. 

Hitchcock, R. C.: Born February 26, 1900, at Tougaloo, Miss. Re- 
ceived B.S. degree in physics, Wesleyan University, 1922. Assistant in 
physics and graduate student, Wesleyan University, 1922-23, receiving 
M.A. degree in 1924. Assistant principal, Burr and Burton Seminary, 
Manchester, Vermont, 1923-25. Physics assistant and graduate student, 
Yale University, 1925-26. Research department, Westinghouse Electric 
and Manufacturing Company at East Pittsburgh, 1926 to date, working 
on development of frequency control devices and standards of radio 
frequency. Associate member, Institute of Radio Engineers, 1928. 

Lampkin, G.F.: Born April 2, 1905, at Wolcott, Indiana. Cooperative 
course in electrical engineering, University of Cincinnati, 1922-27. Co- 
operative work with Allis Chalmers Manufacturing Company, motor 
test department, 1922-25; Westinghouse Electric and Manufacturing 
Company, radio engineering department, 1925-26; Union Gas and Electric 
Company, test department, 1926-27. Received E.E. degree, 1927. 
Baldwin Fellow in E.E., University of Cincinnati, 1927-28. Received M.S. 
degree, 1928. At present engaged in private research and writing. As- 
sociate member, Institute of Radio Engineers, 1926. 

Meissner, Alexander: Born September 14, 1883, at Vienna, Austria. 
Received degree of Doctor of Technical Science, Vienna Technical School, 
1909. In 1922 received degree of Honorary Doctor of Engineering, 
Technical High School of Munich. Since 1907 with the Telefunken 
Gesellschaft, and at present date head of the research laboratory of the 
Telefunken organization. Honorary professor at Berlin Technical High 
School. Member, Institute of Radio Engineers, 1914; transferred to Fellow 
grade, 1915. 

Pierce, G. W.: Born January 11, 1872, at Webberville, Texas. 
Received B.Sc. degree, University of Texas, 1893, Ph.D. degree, Harvard 
University, 1900. Instructor in physics, Harvard University, 1901-07; 
assistant professor 1907-17; professor of physies since 1917; Fellow, 
American Academy of Arts and Sciences; member, National Academy 
of Arts and Sciences; Fellow, American Physical Society and American 
Institute of Electrical Engineers. Member, Institute of Radio Engineers, 
1913; transferred to Fellow grade, 1915. 


194 


Contributors to this Issue 195 


Plebanski, Jozef.: Born 1887. Studied at the Technische Hoch- 
schule in Charlottenburg, Germany, 1906-11. Since 1920, chief engineer 
and technical manager of the Polish Radio Company, Warsaw, Poland. 

Snavely, B. L.: Born August 27, 1906, at Lancaster, Pennsylvania. 
Received B.S. degree in engineering physies, Lehigh University, 1928. 
At present doing graduate work in physics at Princeton University. 

Terman, Frederick Emmons: Born January 7, 1900, at English, 
Indiana. Received A.B. degree, Stanford University, 1920; E.E. degree, 
Stanford University, 1922. D.Sc. degree, Massachusetts Institute of 
Technology, 1924. At present assistant professor of electrical engineering, 
Stanford University, in charge of communication and analytical work. 
Associate member, Institute of Radio Engineers, 1925. 

Webb, J. S.: Born June 28, 1894, at Valparaiso, Indiana. Received 
B.S. degree, Valparaiso University, 1917; M.S. degree, University of 
Chicago, 1928. Physical Laboratory, Western Electric Co., Chicago, Ill., 
1917-23, except for six months during war at Signal Corps Laboratory, 
Little Silver, N. J. Graduate student in physies, University of Chicago, 
summer quarters, 1923-28. Instructor in physics, Lehigh University, 
1923-28; instructor in physics, Cornell University, 1928-. Associate 
member, Institute of Radio Engineers, 1917. 

Wright, J. Warren: Born 1899 at Springfield, Ohio. Received A.B. 
degree, Ohio Wesleyan and M.A. degree, Ohio State University, with 
additional work at Ohio State University. Instructor in physies depart- 
ment of Ohio State, Ohio Wesleyan, and Syracuse Universities. Member 
of technical staff, radio division, U. S. Naval Research Laboratory since 
June, 1926. Associate member, Institute of Radio Engineers, 1923. 

Zenneck, Jonathan: Born April 15, 1871, at Ruppertshofen, 
Germany. Educated at Evangelical-Theological Seminary, Maulbronn, 
seminary at Blaubeuren, and Tuebingen University. Associated with 
Physikalischen Institute, Strassburg, Alsace, 1895-1905. Assistant 
professor, Danzig Technical High School, 1905; professor of experimental 
physics, Braunschweig Technische Hochschule, 1906. Professor of experi- 
mental physics, Munich Technische Hochschule, 1913. Sent to United 
States as technical advisor for the Atlantic Communication Company in 
December, 1914. Returned to Germany in July, 1919, as professor of 
experimental physics at the Technische Hochschule at Munich. President 
of the Technische Hochschule for the past two and a half years. Member, 
Institute of Radio Engineers, 1913; transferred to Fellow grade, 1914. 


The great radio public is becoming 
more and more insistent in its de- 
mand for better tonal reproduction. 
No intensive market survey is nec- 
essary to show that the receiver 
manufacturers who recognize this 
pressure are making the greatest 
progress this season. 


It is to this army of progressive 
manufacturers of quality receivers 
that the bulk of Thordarson audio 
and power supply transformers arel 
being delivered on schedule. 


Our solicitation of manufacturers' 
business for this season is a closed 
book. We will not hazard violating 
our delivery promises in a mad de- 
sire for more orders. We do sug- 
gest, however, that receiver manu- 
facturers who are earnestly looking 
for the ultimate in musical perform- 
ance will allow us to figure on their 
reguirements for 1929. 
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Supreme in Musical Performance X 
TRANSFORMERS à 


LECTRIC MANUFACTURING CO. 


| EL rmer sbecialists since 1895 
HURON, KINGSBURY & LARRABEE STS. — CHICAGO, ILL. 
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A Simple Guide for 
Selecting Resistors 


O matter how many claims are made for a 
resistor, vou can always check up on its 
worth by finding out who uses that particular 
make, and how it stands up under the rigid pres- 
sure of daily service. 


We strongly recommend that vou ask any one of 
the following companies about Harfield Resistors. 


They are but a few of a great number of concerns 
now purchasing Hartfield Resistors in large quan 
tities. 


Western Union Telegraph Stromberg-Carlson Tel. 
Company Manufacturing Company 

Jensen Radio Mfg. Co. Kolster Radio Corporation 

Splitdorf Electric Co. American Transformer Co. 


Colonial Radio Corp. 
Bective Electsin Cs. Fansteel Products Co. 


Philadelphia Storage Martin Copeland Co. 
Battery Company Zenith Radio Corporation 


Tell us about the resistor you want. If we can’t 
supply you from our standard range of sizes, we 
shall be glad to make up samples for you with prices. 


HARDWICK, FIELD, INC. 


Sales Offices: Factory: 

122 Green- 215 Emmet 
Street 

Newark, 
N. J. 


wich Street, 
New York 


MR Ancien enu eue, | 
City. D WIRE-WOUND 


RESISTORS - 
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S INA Faradon . . . 
an important 
factor 


Faradon quality and dependabil- 
ity have contributed in no small 
measure to the present high 
standard of radio reception and 
transmission. 


Producers of quality equipment recog- 
nizing this are utilizing  Faradon 
Capacitors in achieving the high performance 
standard required. 


The extensive experience of Faradon engineers 
is available to assist in taking care of special 
electrostatic condenser requirements not covered 
by the more than 200 types of Faradon Capaci- 
tors in regular production. 


[ WIRELESS SPECIALTY APPARATUS CO. 
2 Jamaica Plain, Boston, Mass., U. S. A. 
Established 1907 


Pe 


Electrostatic Condensers 
for All Purposes 


2500 
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Permanent 


Insulating Qualities 


Era by smoke, salt fogs 
and fumes, constant in their elec- 
trical and physical characteristics, 
"PYREX Radio Insulators give perma- 
nent insulation for all radio work. 


They represent the true fusion of mate- 
rials resulting in a homogeneous, non- 
porous insulator, uniform throughout its 
structure—high in dielectric strength— 
low in power loss. 


Dust and dirt cannot accumulate on 
their original diamond-hard and super- 
smooth surface. There is no “glaze” to 
check or craze. 


Made in several styles and in various 
sizes: antenna, lead-in, stand-off, bus- 
bar, inductance shapes, bushings, rods 
and cylinders. 


A treatise on the unique chemical, physical and 
electrical properties of the special glasses from 
which these high-test insulators are made will 
be sent on request. Write for "PYREX In- 
dustrial Glass Products." 


CORNING GLASS WORKS 
Industrial and Equipment Division 


DEPT. R-5 


CORNING, NEW YORK 


*Trade-mark Reg. U. S. Pat. Off. 
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For Circuit Testing 


Type HTD 
Circuit 
Tester 


The Type HTD Circuit Tester is an instrument that every- 
one has been waiting for. With it one can instantly locate 
open circuits in coils and circuits of all kinds. Not only that 
but it shows directly the approximate resistance of the coil 
or circuit up to a range of 10,000 ohms. It is small, com- 
pact, rugged and thoroughly dependable. The small, stand 
ard flash-light cell is self-contained. The price is very low 
for such an instrument. The many other features of interest 
are given in Bulletin No. K-300. Send for your copy. 


“Over thirty years’ experience is back of Roller-Smith” 


OLLER-SMITH COME. 


[Electrical Measuring and Protective stive Apparatus] 


Office: Works: 
2134 pee UIN Bethlehem, 
NEW YOR Pennsylvania 
Offices in principal cities in U. S. A. and Canada. 
Representatives in Australia, Cuba, and Japan 
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my] HOSE concerns who contract with Scovill for 
k tal the manufacture of radio parts enjoy distinct 
A uc advantages. Not only do they receive parts 
of superb quality and careful workmanship, 
but they have recourse to the valuable development 
work constantly being undertaken by the Scovill research 
department: 


All Scovill condensers are made under the Scovill owned 
Lowenstein Patent No. 1,258,423, dated March 5, 1918. 
The following concerns have been licensed to manufacture 
under this patent. 
HAMMARLUND MANUFACTURING CoMPANY, New York City 
GENERAL Rapio Company, Cambridge, Mass. 
TuoMPsoN-LreveERING CoMPANY, Philadelphia, Pa. 
Piror ErEcrRIC Mre. Company, Inc., Brooklyn, N.Y. 
AMERICAN SPECIALTY ComMPANY, Bridgeport, Conn. 


Scovill means SERVICE to all who require parts or finished 
products of metal. Great factories equipped with the last word 
in laboratories, and modern machinery manned by skilled work- 
men, are at your disposal. Phone the nearest Scovill office. 


COVILL 


MANUFACTURING COMPANY Waterbury, Connecticut 


New York - Cutcaco - Boston - SAN FRANCISCO 
DETROIT - PHILADELPHIA - Los ANGELES - ATLANTA 
PROVIDENCE - CLEVELAND - CINCINNATI 


Member, Copper and Brass Research Association 
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Potter 


Condensers 


Products 
of Merit 


Quality Long Life 
Uniformity Economy 


Selected by 
Leading Manufacturers 


UARDING the operation of hun- 

dreds of thousands of radio receivers, 
Potter condensers do their part to make 
them real musical instruments. 

Leading radio receiver manufacturers 
have seen the importance of making a 
faultless and enjoyable receiver. En- 
gineers have selected Potter condensers 
after careful tests under operating condi- 
tions, so as to give quality and long life to 
their radio set. 

Condensers are today built to meet 
manufacturers’ requirements. This makes 
it possible to offer to their purchasers a re- 
ceiver which is equipped with Potter con- 
densers, indicating that the balance of the 
receiver can be depended upon for the 
same high standard of performance. 


Potter Interference 
Eliminator 


Enjoy radio broadcast programs nor- 
mally spoiled by interference from oil 
burner, ice machine motors, fans, violet 
rays, vacuum cleaners, etc. 

Simply connect a Potter Interference 
Eliminator to the line circuit at the point 
where interfering device is connected and 
your troubles will be over. 


A Condenser Assembly For Every Use 


The Potter Co. 


North Chicago, IlMnois 


A National Organization at Your Service 
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POLYMET MANUFACTURING CORP 
£91 Broadway New York City. 
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A Radio Service Instrument 


That Boosts Radio Sales 


The Jewell 199 A.C.-D.C. Set Analyzer solves the radio 
service problem perfectly. In conjunction with the Jewell 
Radio Set Analyzer Chart it enables service men to check 
radio receivers scientifically, thus getting the best possible 
results out of every receiver. Nothing is left to guesswork. 


Prompt and effective elimination of customer’s complaints 
is an important factor in building radio sales. Jewell Pat- 
tern 199 Set Analyzers in the hands of service men insure 
quick and effective adjustments of troubles. 


Write for literature describing the Jewell Pattern 199 Set 
Analyzer. 
Jewell Electrical Instrument Co. 
1650 Walnut St., Chicago, Ill. 


29 YEARS MAKING GOOD INSTRUMENTS 
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HeaterType 


- Filement Type 


Proportionate 
PUE is 


Proporti eck | 
Emitting Area | 


Stx limes Greater Active Electron Emitting Area 


An Electronic 
Fountain of Youth 


ROVIDED with an indesiruc- 

tible heater or filament, the 
life of a vacuum tube is pro- 
portionate to the area of the 
cathode. 

The cathodes of ARCTURUS 
heater-type tubes—such as the 
Type40 Power AmplifierTube 
—have an oxide coated area 
six times that of similar fila- 
ment emitter tubes. 

In heater-type tubes, the 
oxide coated area is not in 
direct thermal contact with 
the heater and is immune to 


any electrical disturbances in 
this element. 

Consequently the life of 
these tubes is limited only by 
the ultimate destruction of 
the heater after seven to ten 
thousand hours of vigorous 
service. 

That is why Engineers are 
unanimous in stating that 
ARCTURUS Tubes are mechani- 
cally and electrically the finest 
tubes made. ARCTURUS RADIO 
COMPANY, 220 Elizabeth Ave., 
Newark, N. J. 


nificance to the broadcast listener 


1 Engineering facts have a utility sig- 


ARCTURUS 


A-C tone LIFE TUBES 
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«You Can Forget the Condensers, If They Are DUBILIER’S” 


1 míd. conden- 
ser $5.00 


2 mfd. conden- 
ser $8.00 


EL. c M 


Dubilier 


TRANSMITTING CONDENSERS 


E type 686 condensers 
have the usual Dubilier high 
safety factors for use in transmitter 
filter net works. 1000 volt DC rating. 


May be connected in series where the 
working voltage exceeds 1000. 
Through series parallel connections 
practically any working voltage and 
capacity can be obtained. 


DC voltage must not exceed 1000; or 
in A.C. supply filter circuits the trans- 
former voltage must not exceed 750 
volts per rectifier plate: 

Ask about Dubilier paper condensers 
also,—the standard of the leading 
Reg. U.S. Pet.Oft. manufacturers. 


Dubilier 


CONDENSER CORPORATION 
10 East 43rd Street New York City 
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Write Dept. 82 
for free catalog 


——"ESCO"—— 


Synchronous Motors for Television 


In addition to building reliable and satisfactory motor generators, 
"Esco" has had many years of experience in building electric 
motors for a great variety of applications. 


Synchronous motors, small, com- 
pact, reliable, self starting are 
now offered for Television equip- 
ment. They require no direct 
current for excitation, are quiet 
running and fully guaranteed. 


Other types of motors suitable 
for Television may also be sup- 
plied. 


Write us about your requirements, 


Machines for operating 60-cycle 
A. C. Radio Receivers, Loud 
Speakers and Phonographs from 
Direct Current Lighting Sockets 
Without Objectionable Noises of 
any Kind. 


The dynamotors and motor generators 
are suitable for radio receivers and for 
combination instruments containing 
phonographs and receivers. Filters are 
usually required. The dynamotors and 
motor generators with filters give as 
good or better results than are obtained 
from ordinary 60-cycle lighting sockets. 
They are furnished completely assem- 
bled and connected and are very easily 
installed. 

These machines are furnished with wool- 
packed bearings which require very 
little attention, and are very quiet run- 
ning. 

Write for Bulletin No. 243-C. 


Dynamotor with Filter for Radio Receivers 


How can “ESCO” Serve You? 
ELECTRIC SPECIALTY COMPANY 


TRADE “ESCO” MARK 
300 South Street Stamford, Conn. 
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CONDENSERS 


Type UXB Three Gang Condenser 


Adae 
mo 


MAL 
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Mw 


WIE 


This fine job, which is small and compact, is especially suited for 


shielded work. 


The popular type 


UXB Condensers are used. 


They can be had in either .0005MF or .00035MF Capacities. 


Universal Compact 
Type UXB Brass 
Condenser (Note 
Removable Shaft) 


Let us Quote 


on your 
1929-30 
Specifications 


PSO A ,9.«-.[) 


UNITED SCIENTIFIC LABORATORIES, INC. 


115-C Fourth Avenue, New York City 


Branch Offices for Your Convenience in 


St. Louis Boston 
Chicago Minneapolis 


Cincinnati 
Los Angeles 


Philadelphia 


San Francisco 


To. Yap’ Yam” a ae eo ee” e aea "o 
-———— o o owe, - " o P — p e 


London, Ontario 
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Non-porous, Isolantite cannot harbor moisture 
or undergo changes or deterioration due to the 
effects of temperature or the elements. 


Isolantite is strong mechanically. 
It is homogeneous to a marked degree. 
Isolantite is well known for its low phase angle. 


A low dielectric constant, combined with other 
outstanding properties, give it a low “loss fac- 
tor.” 


Low surface conductivity makes it particularly 
advantageous in damp climates. 


Many and varied shapes are available in a broad 
range of sizes. 


Isolantite is economical. 


mana nF WN = 


Bulletin 100 B which describes the new 
line of Isolantite Insulators will be 
sent upon request. 


- fi P : e 

ie Company of America 
(Incorporated ) 

New York Sales Offices 


551 Fifth Ave., New York City 
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Essentials 


RCA Radiotrons possess three 
prime assets — 
1 — Unquestioned quality 
2— National distribution 
3— Public acceptance 
It is for these reasons that they 
are used by leading manufactur- 
ers for testing, initial equipment 


and replacement. 


RADIO CORPORATION OF AMERICA 
New York Chicago Atlanta 
Dallas San Francisco 


A 
RCA RADIOTRON 


MADE By THE MAKERS OF THE RADIOLA 
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Removes the * Mathematics " 
from Eliminator Design 


3) ms ih TRU VOLT 
brea DIVIDER 
' A Universal 
Voltage Separator 


U. S. Pat. No. 1676869 
and Pats. Pending 


AN ADJUSTABLE RESISTANCE BANK to be 
used in B and C sections of power supply designed to 
take care of any desired load with a generous safety 
factor. It is flexible to all receiver current conditions. 
It is invaluable in laboratory work, where a minimizing 
of routine mathematical calculations and rewirings in- 
creases experimental efficiency. 


The adjustable taps of- the Divider are calibrated and 
desired voltages can be ascertained merely by use of 
convenient tables and graphs. 


Can be mounted flat or upright on wood, bakelite or 
metal sub-panel. No need of output panel  Soldering 
lugs are provided on each tap for connecting by-pass 
condensers. 


Price $12.50 complete 


Send for free descriptive booklet giving hook-up 
diagrams, curves and tables. 


Electrad specializes in a full line of controls for all 
Radio purposes, including Television. 


Dept. A-1, 175 Varick Street, NEW YORK 


ELECTRAD 
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BURGESS 
"Super B” Batteries i». 


. have larger cells than standard batteries. Extra 
power and life are thus provided. Uniformity 
is insured by scientific precision in manufacture. 
Radio's cost is lowered appreciably by the use 
of "Super B" No. 22308, a medium size heavy- 
duty 45-volt battery, designed for general, all 
around use . . . . or "Super B" No. 21308, 
the largest size Burgess heavy-duty 45-volt bat- 
tery, made especially for heavy-current consum- 
ing sets. 


BURGESS BATTERY CO. 
General Sales Offices: CHICAGO 
In Canada; Niagara Falls & Winnipeg 


BURGESS "SUPER B” 


Chrom 

CHROME is a preserva- 
tive that guards posver 
when your Burgess 
"Super B" Battery is not 
in use. Extra life and 
service are xhus added. 
It ıs a patented feature 
of the two Burgess 
"Super B" Batteries, 
which answer pracu- 
cally all radio set 
requirements, 
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HE ever-increasing 
demand for Kolster Radio is mainly due 
to those people of keen judgment who do 
not make their buying decisions without 
consulting experience. For whenever 
owners of Kolster Radios or friends of 
Kolster owners mention radio, they invar- 


iably say "Kolster is a fine set.” 


KOLSTER RADIO CORPORATION 
NEWARK, N. J. 


Copyright by Kolster Radio Corporation, 1929. 
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Continental Resistors 


Durable dependable, simple in structure and give a 
minimum of resistor trouble. 


— 3 Type A for grid leaks and 
light power purposes. Will 


A dissipate 1⁄4 watt safely. 
Types W and X for greater 
power dissipation. 

W 


All types furnished in any re- 
sistance value desired. 


In use continuously for a number of years by the 
largest manufacturers. 


Types E2 and D2 fur- 

nished with wire leads 

soldered to  coppered 

ends, are for soldering E 2 

permanently into posi- D2 
tion in apparatus where 

they are to be used. 


Samples for test sent on receipt 
of specifications. 


CONTINENTAL CARBON INC. 
WEST PARK, CLEVELAND, OHIO 
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On Commander Byrd's Antarctic Expedition 
Only DURHAMS are Used EE RR 


principle!—another tribute to the extreme care with which DURHAM 
Resistors, Powerohms and Suppressors are made!—another tribute 
to DURHAM accuracy and utter dependability!—read the above letter 
from Chief Radio Engineer Malcolm P. Hanson of the Byrd Antartic 
Expedition. In effect he says “We are using DURHAMS exclusively 
because past experience has taught us that they can be relied upon 
for perfect performance under even the most adverse conditions.” 
DURHAM Resistances are available for every practical resistance 
purpose in radio and television work from 250 ohms to 100 Megohms 
and in ratings for all limited power purposes. Used in leading radio 
laboratories, endorsed by leading engineers and sold by leading job- 
bers and dealers. Descriptive literature on the entire line of DUR- 
HAM products will be gladly sent upon request. 


[Karuzo 
l P 


RESISTORS & POWEROHMS 


International Resistance Company, 2006 Chestnut Street, Philadelphia, Pa. 
a ES Sc em a A cho aia na ota d Mee ty, ce Oo 
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Perform that 
“Adenoid Operation" 
on Your set! 


AmerTran De Luxe—— 1st 
stage turn ratio, 3. 2nd 
stae turn ratio, 4. 


Price cach $10.00 


AKE out the “adenoids”, those inferior trans- 

formers which make your set sound as if it were 
afflicted with a bad case of adenoids .. . then put in 
their place, the standard of excellence in Audio 
Transformers— AmerTran De Luxe. 

Ever hear a child talk before and after an adenoid 
operation? Well, if you have, you will appreciate 
the difference AmerTran transformers will make in 
any set. 

AmerTran products are built exclusively for the 
purpose of achieving realism in tone. It cannot be 
done cheaply, or haphazardly. AmerTran's 30 odd 
radio products all play their definite part in produc- 
ing the finest tone known to Radio. 


Why not perform that “adenoid operation” today? See your 
dealer or write to us. Ask for Bulletin No. 1084. 


AMERÍRAN 


TRADE MARK REG.U.S. PAT.QFF. 
AMERICAN TRANSFORMER COMPANY 
Builders of Transformers for more than 29 years 


80 EMMET ST. NEWARK, N. J. 


When writing to advertisers mention of the Proceeptncs will be mufually helpful. 
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*a big improvement 
over what we had 
been using «++ " 


What do you want laminated bake- 
lite to do? What electrical, mechan- 
ical and physical properties are 
required for better fabrication and 
performance in your particular case? 


Every problem is a different one. 
Each specific use requires its own 
formula. Put it up to our Service 
Engineering Department to deter- 
mine the formula which best meets 
your requirements right down the 
line — hardness, tensile strength, 
thickness, appearance, dielectric 
strength, machining qualities, 
weight, cost, etc. 


Our files are replete with thedata and 
formulae on thousands of problems 
inlaminated bakelite. The solutionto 
your difficulties is probably among 
them. Put it up to us to find out. 


‘DHENOLIT 


Laminated BAKELITE 


SHEETS: RODS TUBES : SPECIAL SHAPES 


... it punches cold 


One of America’s largest radio manufacturers 
required a laminated bakelite which would punch 
cold without “cold flow” yet still retain its high 
dielectric strength and non-hydroscopic property. 
Our Service Engineering Department worked 
months on this problem—and solved it to the entire 
satisfaction of our customer. Perhaps we can do 
an equally valuable service for you in the labora- 
tory “where known requirements meet. known 
berformance." Call us at any time. 


NATIONAL VULCANIZED FIBRE CO. 
WILMINGTON, DEL. 


Offices in Principal Cities 
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Thermo - Couple Type 
Instruments - Model 425 


I NSTRUMENT S of this type, originated and developed by 


the Weston Company, are universally employed for mea- 

suring both high and low frequency currents. Their use 
has extended with the wide application of radio frequency into 
a great number of fields of experimental engineering and com- 
mercial activity. Incomparable in their refinements of me- 
chanical and electrical design and unusually accurate and de- 
pendable in performance for such small instruments, the 
Weston Miniature Meters—Thermo-Couple types as well as 
A.C. and D.C. models—are everywhere accepted as the highest 
standards for radio testing service. 


For Panel Mounting 


Thermo-Couple 
Types 


Flush Type—2" and 
3%” diameter. Fur- 
nished in metal or 
bakelite cases. Port- 
able mounting bases 
also supplied. 


Made as Thermo- 
Ammeters, Thermo- 
Milliammeters, and 
Thermo-Galvanom- 
eters or Current 
Squared Meters 


The Weston Thermo-Couple Type Ammeter is furnished in | 
ranges from one to 20 amperes having a safe overload capacity 

of 50%. It solves perfectly the problem of measuring high 
frequency currents such as are imparted to the antennae. 
Equally accurate for low frequency measurements and gives | 
satisfactory service for D.C. measurements as well as A.C. 


Milliammeters are furnished in three sizes—125, 250 and 500 
ma. They give definite assurance of the output and accurate 
readings after hours of constant service. Extra large over- 
loads will not burn out these meters. They are ideal for short 
wave transmission as they have a very low internal electro- 
static capacity. For this reason they give the true value of 
the current in the circuit and do not disturb the constants in 
a transmitter. 

Write for Circular J. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
589 Frelinghuysen Avenue Newark, N. J. 


WESTON 


RADIO 
INSTRUMENTS 
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Great Industry 


The requirements of the modern 
radio,are more and more exacting. 


As receiving sets improve, coils 
must be more accurate to keep 
pace with the fine calibrations of 
the expert radio engineer. 


This is why the world's most 
successful radio manufacturers 
turn to Dudlo for their supply 
of coils for every part of their 
instruments. 


y" (oils the thing/ Dudlo coils are not only wound 


i, E. accurately, but every part and 
j material ftom the core to the out- 
that MAKES Ka 10 side wrapping is selected and ap- 
plied with skill—a skill which could only come from an organization trained over 
many years of making millions upon millions of coils for every electrical purpose. 


No radio unit is any better than its coil and no coil is any better than the wire in 
its windings. Dudlo draws and insulates the wire and controls every part and 
process from the copper rod to the finished coil. A complete service to the radio 
and electrical industries. 


DUDLO MANUFACTURING CO., FORT WAYNE, INDIANA 


Division of the General Cable Corporation 
56 Earl Street 105 West Adams St. 4143 Bingham Ave. 274 Brannan St. 
NEWARK, N. J. CHICAGO, ILL. ST. LOUIS, MO. SAN FRANCISCO, CALIF. 
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AMMARLUND Parts 

€bst no more than 
you often pay for infe- 
rior parts 
Hammarlund Parts cost 
less in the long run aud 
you have the satisfac- 
tion of knowing that 
they are backed by 17 
years of experience and 
have the -——] 
endorsement of the 
world's leading radio 
engineers. 


If your dealer can't 
supply you, write dis- 
reci to us. 


LAM IAM OI > 
lund F 


f Yrammar ini 


The famous 
“MIDLINE” 
CONDENSER 

Radio engineering hna 


\, never devised a finer 
* taning instrument Every 
modern feature, includ. 
ing full-Hoating rotor 
shaft and ball bearings. 


N A. 
=p EK ^ N 


% 
We are interested Se 
in Hammarlund N 4. 
Bb. 
-N 


Shield-Crid 
COILS 


Spaese-wound,2" in 
diameter. High tim- 
pedance primar~ 
with three taps. 
Spevially designed 
for sbicld-srid 
ubes. 


Name. 


D] Send Literature, b J B - 1 R | . 


E * AMiammarlund 
ke ^. PRODUCTS 


a vY 
HAM M A 
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wf 


The Finest 


Electric Power 
Plant for 


Phonographs 
Made 


Ideal for converting the old-fashioned hand-wound 
phonograph to electric operation or for 
use in portables 


"THE Pacent Phonomotor is achieving nation-wide promi- 
& pum as the finest and most silent electric phonograph 
motor that money can buy. It is of squirrel-cage construction 
—induction type—and absolutely eliminates brushes and 
sparking. Spring suspension turntable, felt cone friction 
drive, of shock-absorbing design throughout, it is 100% in- 
sulated against noise. Oversized burnished ball bearings, 
readily accessible lubrication system, it is scientifically engi- 
neered to be the most efficient and longest wearing electric 
phonograph motor on the market. 


Ask your dealer or write for complete information, 
prices, discounts, etc. 


PACENT ELECTRIC CO, Inc., 91 Seventh Ave., New York City 
Pioneers in Radio and Electric Reproduction for Over 20 Years 
Manufacturing Licensee for Great Britain and Ireland, Igranic Electric Co., Ltd., 
Bedford, England 
—M————————— 
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000 Ohes 


The Pyrohm is Built 
to Carry the Load! 


EROVOX Fixed and Tapped Vitreous 
Enamelled Pyrohm Resistors are made in 
a wide range of resistance values and wattage 


ratings to suit every power supply requirement. 
They are built to the same high standards as 
Aerovox Mica Condensers, Socket Power Con- 
densers and Filter Condenser Blocks. 


"The August issue of the Aerovox Re- ' 
search Worker contains an interesting 
and instructive article on How fo Calcu- 
late Voltage Dividers for Power Supply 
Devices. A copy will be sent free on 
request. 


EROVOX 


* Built Better" 
78 Washington St., Brooklyn, N. Y. 
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ALUMINUM 
CONDENSERS 


QEYERAL years ago one of 
the leading radio producers 
asked Aluminum Company of 
America for a special close 
tolerance aluminum condenser 
blade stock. Specifications re- 
quired that variations in thick- 
ness within a single sheet 
should be less than .0005" and 
the gauge tolerance from sheet 
to sheet 4.001". By a special 
process aluminum sheet was 
produced that was satisfactory 
both in gauge and flatness. 
Other radio manufacturers 
were quick to adopt this spe- 
cial "radio flat sheet”. This 
material has been produced 
in quantity for two years and 
has been of uniform high qual- 
ity. Aluminum is the logical 
material for the "heavy" con- 
denser blades now required in 
sets that are housed in the same 
cabinets with powerful loud 
speakers. Aluminum blades do 
not vibrate and produce micro- 
phonics. A variety of efficient 
assembling methods are appli- 
cable to aluminum, such as 
die-casting, staking and swedg- 
ing. Maintenance on tools used 
for punching aluminum blades 
is negligible. Aluminum con- 
denser blades will be found in 
the great majority of the new 
sets in 1929. 


1929 


ALUMINUM 
SHIELDING 


HIELDING will be universal 

in 1929 sets because it per- 
mitsengineersto use the highest 
gain per stage of amplification 
in theirnew designs. Aluminum 
shielding was successfully used 
on 22 leading sets last year. 
Five other prominent manu- 
facturers are either adopting 
aluminum shielding or return- 
ing to it. The reason is evident. 
Aluminum is highly efficient 
electrically, especially at radio 
frequencies. It works easily 
and well in the shop. It has its 
appeal to both purchaser and 
producer, because it is attrac- 
live in appearance, light in 
weight and non-corrosive. It 
adds the mark of quality to a 
set. Aluminum just naturally 
possesses the right qualities for 
radio shielding. Aluminum 
shields will be found to be eco- 
nomical in first cost, in pro- 
duction and in finishing. 


* * * 


LUMINUM COMPANY OF AMERICA 
4X. produces aluminum and iis alloys in 
every commercial form. Also fs iic 
products. Aluminum foil is the best ma- 
terial for fixed condensers. Radio manu- 
facturers use aluminum sheet, wire, rod, 
tubing, stampings, die-castings, sand- 
castings, «trong alloys, extruded shapes, 
ecrew machine products, aluminum wood 
grain panels and other aluminum parts 
to advantage. Inquiries nre solicited. 


ALUMINUM COMPANY OF AMERICA 


ALUMINUM IN EVERY COMMERCIAL FORM 
2470 Oliver Building, Pittsburgh, Pa. 


Offices in 19 Principal American Cities 


ALUMINUM 


The mark of Quality in Radio 
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WHOLESALE RADIO ` 
HEADQUARTERS 


Abreast of the New 


Developments 
in Radio 


No industry in the world's history has at- 
tracted so many inventors and experimenters 
as the radio industry. Something new is 
always on tap. Contrast the old wireless 
days with the modern electrically operated 
talking radio. Think of what is still to 
come when perfected television, telephony, 
short wave control, etc., are fully realized, 


In keeping with the policies of Wholesale 
Radio Headquarters. (W. C. Braun Coin- 
pany), our service lies in testing out and 
determining which of these newest marvels are 
tactical, salable and usable for the greatest num- 
Ber. Our task is to study the multitude of new 
merchandise, select those itenis that are thoroughly 
proved and reliable, and make it easy for the public 
to secure these while they are stil] new. 


A huge and varied line of standard radio merchan- 
dise is carried in stock for quick shipment to all 
parts of the coyntry. This service assures the 
dealer and set builder of everything he needs, all 
obtainable from one house, without s opping around 
at dozens of different sources. It saves considerable 
time, trouble and money. For example, when you 
want a complete radio set or parts for a circuit, 
you also will want a cabinet, loud speaker, tubes 
and other supplies and accessories. You know that 
at Braun’s you can get everything complete in one 
order, and thus save days and weeks of valuable 
time, besides a P onsiderable saving in money. 


New Lines for Spring and Summer 


Here, all under one roof, is carried the world's 
largest stocks of radio sets, kits. parts, furniture, 
pe and accessories for the radio season, port- 
able radios and phonographs for summer trade and 
a complete line of auto tires, tubes and supplies, 
electrical and wiring material, camping and outing 
equipment, tents, golf goods, sporting goods; in 
fact, a complete merchandise line to keep business 
humming every day, every week and every month 
in the year. 


NEW LINES 
SPRING and SUMMER 


RADIO SETS, KITS, PARTS 
SHORT WAVE, TELEVI- 
SION, SPEAKERS, 
SUPPLIES, PORTABLE 
RADIOS and 
PHONOGRAPHS 
AUTO TIRES and 
ACCESSORIES 
ELECTRICAL GOODS 
Wiring Fixtures, Etc. 


SPORTING GOODS 
Outing Clothing, Baseball, 
Golf Goods, Lt. 
HOUSEHOLD 
SPECIALTIES 
Vacuum Cleaners, Phono- 
graphs, Electrical Toys 


Do You Get Our Catalog? 


If you don’t receive our catalog, by all means send us a request on your letterhead 
to insure getting each new edition as promptly as it comes out. Braun’s Big Buyers’ 
Guide is crammed full of bargains and money-making opportunities that you cannot 
afford to pass up. 


W. C. BRAUN COMPANY 


Pioneers in Radio 
600 W. Randolph St., Chicago, Illinois 
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The *New 
TEMPLE DYNAMIC 
Speakers 


"They Speak 
for 


Themselves ? 


DD to the approved 
and accepted principle 
of sound reproduction the 
compelling significance of the 
Temple name and the result is 
a product which again sets a 
new standard in speaker excel- 
lence. 


Temple Dynamics are made 
only as Temple can make 
them—that means better. 


Available to manufacturers in 
three chassis models: 
Model 10, 110 volt, A.C., 60 cycle 


Model 12, 110 volt, A.C., 25 cycle 
Model 14, 110 volt, D.C. 


Write for full 
particulars 


TEMPLE CORPORATION 
1925 S. Western Ave., Chicago, U. S. A. 


AWWW A LEADERS IN SPEAKER DESIGN A CUA 
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When Designing for 
Higher Efficiency Use 


Condensers and Inductors 


Cat. No. 127 Type “LL” inductances 
used in conjunction with Cat. No. 149 
high voltage variable condensers make 
highly efficient tank circuits in installa- 
tions of any power up to 2KW. Flat- 
wise wound—Low distributed capacity— 
Moulded Glass separators—Low Losses 
—95% Air Dielectric—Mechanically 
rugged—Unaffected by climatic condi- 
tions—-These are merits which warrant 
the use of this inductance in first class 
stations—Any number may be connected 
in series for any frequency—Adaptable 
to Master Oscillator Power Amplifier— 
Coupled Hartley-Meissner—Culpitts— 
Tuned Grid Tuned Plate, and many 
other popular circuits. Especially suited 
for broadcasting installations—Conveni- 
ently mounted—occupies a minimum of 
space. When redesigning broadcast sta- 
tions, engineers turn to REL products. 


SR 


a aad on mnm 


Cat. No. 149 variable condensers have 
many uses in high powered stations— 
Type R rating at 25 mmfd, 10,000 volts 
is adaptable for neutralizing Power am- 
plifiers and for vernier adjustment when 
paralleling main tank condenses to keep 
requency to zero beat with crystal moni- 
tor—Type P rating at 180 mmfd 5000 
volts adaptable to main tuning and an- 
tenna series control in medium powered 
outfits—Types K, L, M rating 200 to 
650 mmíd, 3000 volts, adaptable to main 
tuning control in low powered transmit. 
ters—Features are: Heavy Brass Plates 
—Substantial Cast Aluminum — End 
Plates—Steel Shaít projecting. through 
both ends—Cone Bearings with locking 
device—Isolantite Stator supports—Sup- 
er-Construction throughout. 


For information on the REL Inductances as given in Bulletin 
27, data on the variable condensers as furnished on Bulletin 39, 
these two pamphlets will be sent upon request. 


sr 


EU 


v 


E M 


MANUFACTURES A COMPLETE LINE OF 
APPARATUS FOR SHORT WAVE TRANS- 
MISSION AND RECEPTION 


T M 


RADIO ENGINEERING LABORATORIES 


100 Wilbur Ave. 


Long Island City, N.Y., U.S.A. 
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Tone Control 


Of course you have developed your amplifier, loud- 
speaker and electric phonograph pickup :o the point 
where magnificent tone quality is available. - However, un- 
less you can control that tone quality without distortion, 
you have not completed your engineering job. 


The TABLE TYPE CLAROSTAT or, if preferred, the built-in 
Volume Control Clarostat, is the solution of the tone control 
problem. It is compact, simple, inexpensive, practical. Just the 
thing for the electric phonograph pickup. Ideal as a loud-speaker 
control, particularly in centralized radio installations. The exten- 
sion cords permit of ready use, without tools. A favorite in con- 
trolling the volume of A-C tube harnesses. 


But after all, the TABLE TYPE CLAROSTAT is only typical of 
the Clarostat line, which includes a variable resistor of the proper 
size and style and range for every radio purpose. From the Grid 
Leak Clarostat and built-in Volume Control, to the Speed Control 
Clarostat for television scanning disk regulation, you will find just 
the right device for your present and future resistance problems. 


Write for data regarding the TABLE TYPE and other types 
of Clarostat. And do not hesitate to place your re- 
sistance problems before us. If you are not receiving our technical 
bulletin issued from time to time, ask for it. 


Clarostat Manufacturing Company, Inc. 


menoen 
Bias Specialists in Variable Resistors 


289 N. Sixth St. :-: Brooklyn, N. Y. 


—— C 


€LAROSTAT— 


pat. 
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| ormica was used by the engineers who designed 
the sending and receiving apparatus in use by the ex- 
pedition, for panels, tubing, and other insulating parts. 


For fifteen years American radio men have known it as 
excellent insulation for high or low frequency uses. It is 
high in quality and uniform—Phenol Fibre at its best. 


Every year millions of automotive ignition systems, thera- 
peutic apparatus, circuit breakers and electrical devices of 
all kinds are insulated with Formica. You can depend 
upon it. 


THE FORMICA INSULATION COMPANY 
4646 SPRING GROVE AVENUE 
CINCINNATI, OHIO 


ORMICA 


Made from Anhydrous Bakelite Resins 
SHEETS TUBES RODS 
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Giant Power Rheostat 


this rheostat will safely carry any power load of 

70 watts. Constructed of heat proof materials 
throughout. There is no fibre to warp or burn out. 
Wire is wound on a steel core insulated with asbestos. 
Extra wide core assures large area for quick heat dis- 
sipation. 


S usa IN DIAMETER, but large in capacity, 


This unit is ideal for primary control of *AC" receiv- 
ers or "A" Power Units. It will keep the line at a con- 
stant workable average, keeping the secondary output 
well within rated limits. These units connected in 
series across the output of a Rectifier and Filter sys- 
tem for “B” Power will provide all necessary voltage 
taps. 


These units can be used in any power circuit position 
without any danger of burning out—the capacity is 
only limited by the capacity of the wire. 


Manufactured with two or three terminals. Diameter 
2", depth 114”. Write for new booklet on “Volume 
Controls and Voltage Controls—their use.” 


Cen 


CENTRAL RADIO LABORATORIES 
16 Keefe Ave. Milwaukee, Wis. 


A CENTRALAB CONTROL IMPROVES THE SET 
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Condenser 


| MeO 
TYPE iOS 


me Specialists 


GUCAGO ug 
! | 


Offer an Unusual Service 
to Set Manufacturers 


Millions of Fast by-pass and filter 
condensers are in daily use in 
radio sets made by the leading 
set manufacturers. They are 
renowned for their high in- 
sulation resistance and ex- 
cellent and dependable elec- 

trical characteristics. 


Manufacturers looking 
for a dependable source 
of supply, keyed to 
meet large produc- 
tion problems, on 


We make short notice, will 
one thing find here one of 
and one the largest a 

1 "e ganizations o 
thing only its kind in 
wax  impreg- the world. 


nated paper 
condensers in 
die-press steel 
jackets, in medium 

and large capacities 

to fit every known 
need in radio sets, 
power units, etc. We 
make no set hardware, no 
eliminators, no transform- 

ers, no parts, no sets. Our 
entire concentrated effort is 

on one product alone—con- 
densers. Such specialization 
assures highest quality, econom- 
ical production and real service. 


Send us your specifications. 


Established 1919 
3982 Barry Avenue, Chicago, U.S.A. 


————————— 
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LEUTZ "A" Current Supply 


For Laboratory and Experimental Work 


Maximum Capacity 3 amperes 
at 6 volts. Free from “Hum.” 


SPECIFICATIONS 


Line Supply. 110 volts, 60 cycles A.C. standard. Also made for 220 
volts 50/60 cycles. 


Output. Full three amperes at 6 volts and without any hum when 
used on radio receivers. 


Construction. A Full Wave Dry Rectifier is used, the output being 
thoroughly filtered by a heavy choke and very large condenser. 


Regulation. An adjustment is provided to regulate the filament volt- 
age where the output load is less than 3 amperes. 


Ideal for Radio Laboratories 


Literature and Prices on Request 


C. R. LEUTZ, Inc. 
195 Park Place, Long Island City, New York 
Cables “Experinfo” N. Y. 
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Of course the Wheatstone* s Bridge play 
its pert in the Kecsearch Laborstory. 
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S-M Tone Quality for 
One Speaker or a 
Thousand 


678PD Phonograph or Radio Amplifier 


A compact two stage amplifier, of a type similar to that 
made by S-M for several theatrical Phonograph manufac- 
turers. From radio or record input, it will develop 4500 
milliwatts undistorted power to cover up to 2,000 seat 
theaters when feeding two dynamic speaker units in 40 
inch baffles (to one dynamic unit it supplies field current 
if desired). Ideal also for home use. Tubes used: 
one each '26, '81, and '50. Price, WIRED, ready to 
operate, $73.00; or KIT, complete, $65.00. 


685 Voice, Record or Radio Power 
Amplifier 


The 685, for portable use, as utilized by the U. S. 
Shipping Board exhibits at many state and county fairs, 
gives coverage of 2,000 seat or larger auditoriums, or 
outdoor crowds of up to 15,000, with optional voice, 
radio, or record input. Price, 685 Unipac, WIRED, 
readv to operate, $160.00, or 685 K T, complete, 
$125.00. 


Announcing New PUSH-PULL APPARATUS 


And now, S.M is glad to announce new 
super-quality push-pull audio transformers 
built on the Clough system, all offering 
curves flat from below 50 cycles to well 
above 5,000 cycles—transformers that give 
to “push-pull” a new and really startling 
significance. And their prices like their qual- 
ity are unbeatable! 


The new 257 is a push.pull input type, to 
operate from one amplifier tube into two 
171A, 210, or 250 tubes, and lists at the 
low price of only $7.00. Type 227 is a 
push-pull inter-stage transformer, to feed 
from two 112A, 226, or 227 tubes into 
two 112A, 226, 227 or 171A, 210 or 250 tubes, and lists at 
$8.00. 


Type 258 tapped output impedance is intended to feed from two 
171A tubes into any standard speakers. Price $5.00. Type 248 
Universal output choke is designed to feed out of two 210 or 
250 tubes into one to six or more standard speakers, and is pro- 
vided with several impedance-matching taps. It will handle over 20 
watts without core saturation. Price, 248 open mounted $7.00; or 
228 (in same case as 227) $8.00. 


Remember—S-M guarantees these push-pull transformers to have a 
net frequency characteristic than any and all competitive types— 
ar none. 


Full information is contained in $-M Data Sheets—No. 2 on 685 Amplifier, and No. 9 
on 678 PD Amplifier. Ask also for our new General Catalog, containing description of 
higher-power amplifiers, and Radiobuilder No. 9, describing new push-pull apparatus. 


SILVER-MARSHALL, Inc., 862 W. Jackson Blvd. 
CHICAGO, U. S. A. 
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TYPE M-26 
LSV 


" 105 AMP. 
TNI T 


Improves the performance 


of any set because... 


the exceptional and uniform high quality of 
materials skillfully employed by able crafts- 
men used in CeCo Tubes, has given them a 
tone quality that is distinctly their own and 
unsurpassed by any tube. 


Patient laboratory experimentation over a 
period of years has combined with this tone 
beauty a durability which makes them the 
most economical tube to use. They cost no 
more but last longer. 


Listen in on the CeCo Couriers—on the air every 
Monday evening, 8:30 Eastern Time (7:30 Central 
Time) over the Columbia Broadcasting 
Chain of 20 cities. 


Send for an unusual book enti:led, 
“RADIO VACUUM TUBES” 


CECO MFG. CO., INC., PROVIDENCE, R. I. 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 


The J. G. White 


Engineering Corporation 


Engineers—Constructors 


Builders of New York Radio 
Central 


Industrial, Steam Power, and Gas 
Plants, Steam and Electric Rail- 
roads, Transmission Systems. 


43 Exchange Place New York 


Amy, Aceves & King, Inc. 


Consulting Engineers 
DESIGN—TEST—DEVELOPMENT 


Radio Transmitters, Receivers and Sound 
Reproducing Apparatus 


Research Laboratories 


55 West 42nd Street, New York 
Longacre 8579 


ROBERT S. KRUSE 


Consultant for development of 
Short-wave Devices 


103 Meadowbrook Road 
WEST HARTFORD, CONN. 


Telephone, Hartíord 45327 


BRUNSON S. McCUTCHEN 
Consulting Radio Engineer 
17 State Street 


NEW YORK 


Electrical Testing 
Laboratories 
RADIO DEPARTMENT 


also 


Electrical, Photometric, 
Chemical and Mechanical 
Laboratories 


80th Street and East End Ave. 
NEW YORK, N. Y. 


PATENTS 
WM. G. H. FINCH 


Patent Attorney 
(Registered U. $. & Canada) 


Mem. I. R. E. Mem. A. I. E. E. 


303 Fifth Ave. New York 
Caledonia 5331 


For EXPORT of material 


made by: 


Allen D. Cardwell Mfg. Corp. 
Clarostat Mfg. Co. 

Corning Glass Works 
Dubilier Condenser Corp. 
Elkon, Inc. 

Radio Engineering Labs. 
Raytheon Mfg. Co. 

United Scientific Labs. 
Weston Electrical Inst. Corp. 


apply to 
AD. AURIEMA, INC. 
116 Broad Street, New York, N.Y. 


JOHN MINTON, Ph.D. 


Consulting Engineer 
for 
Developing — Designing — 
Manufacturing 
of 


Radio Receivers, Amplifiers, Transform- 
ers, Rectifiers, Sound Recording and 
Reproducing Apparatus. 


Radio and Electro-Acoustical 
Laboratory 


8 Church St. White Plains, N. W. 


When writing to advertisers mention of the Proceepines will be mutually helpful. 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 
(Continued) 


WANTED 
Engineer & Factory Manager 


A radio engineer thoroughly conversant 
with the latest improvements in modern 
broadcast receiver construction, has an 
unusual opportunity to connect with a 
substantial Chicago company, whose 
present financial standing assures future 
growth. This position offers a real 
opportunity for an able man. The 
ability to direct a factory producing 
several hundred chassis daily would be 
desirable, but not necessary. Write 
fully in confidence, covering education, 
experience, technical training, salary ex- 
pected, home environment, etc. Address 
A.O.H., c/o Proceedings I.R.E. 


DODGE RADIO SHORTKUT 


With Appendix and Hints for Better 
Key Work. Fixes Signals in mind to 
stick—Kills Hesitation, Cultivates Speed | 
and Good Fist—Produces Results. Slow 
Hams raise speed to 25 per in few 
evenings. Previous Failures qualify and 
pass exam quickly. Beginners master 
code and pass in ten days. 


REPORTS FROM USERS 


Tell the complete story—Mailed on 
request. Price $3.50. Money order. 
None C. O. D. Foreign add 50 cents. 


C. K. DODGE, MAMARONECK, N. Y. 


PAPERS IN PAMPHLET FORM 


Obtainable, free of charge, by members from Institute office. 
Mounting Quartz Oscillator Crystals 


Order by number. 
R. C. Hitchcock 


'The Inverted Vacuum Tube, a Voltage-Reducing Power Ampliher: Te 


Radio Communication 
On Round the World Signals 
Discussion on Austin Paper 


Experiments and Observations Concerning the Ionized 


tne Atmosphere 


The Insulation of a Guyed Mast 


Review of Current Literature 


E. Termin 


....E. H. J. Kynaston 
Regions of 

R. A. Heising 
. P. Miller, Jr. 
Stuart Ballantine 


Some Characteristics and Applications of Four-Electrode Tubes 


The Torusolenoid. . 


J- C 


Notes on the Design of Radio Instalators 
A Precision Method for the Measurement of High Beeuuedcies 


Aircraft Radio Installations 


Quantitative Measurements used in Tests of Broadcast Receiving Sets 


Vacuum Tube Production Tests 


PT, A. F. Van D 


E. T. Dickey 


The Receiving System for Long-Wave Tran 


Austin Bailey, S. 


Dean & W. T. Wintringham 


Recent Developments in Low Power & Broadcasting Transmitters.... 
I 


Radio Stations of the World 


F. Byrnes 


. H. Dellinger 


Reception Experiments in Mount Royal Tunnel 


A. S. 


The Status of Frequency Standardization 


Eve, W. A. Steel, G. W. Olive, A. R. McEwan, & J. H. Thompson 


J. H. Dellinger 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
XLI 


Alphabetical Index to Advertisements 


Aerovox Wireless Co 
Allen-Bradley Co 
Aluminum Co. of America 
American Transformer Co 
Arcturus Radio C 


Braun, W. C., Co 
Burgess Battery Co 


Cardwell, Allen D., Mfg. Corp. 
CeCo Mig. Co., Inc 
Central Radio Laboratories 
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Condenser Corp. of America 
Continental Carbon, Inc 
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Dubilier Condenser Corp. 
Dudlo Manufacturing Company 
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Elkon, Inc 


Fast, John E. & Co..... 
Formica Insulation Co 


General Radio Co Outside Back Cover 
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Hammarlund Mfg. Co.. A > : * -— XXV 
Hardwick, Field, Inc 


International Resistance Co 
Isolantite Co. of America 


Jewell Electrical Instrument Co.........0. 0 6c cece irainen rii sa eren 
Kolster Radio Corporation 


Leutz, C. R., Inc 


National Vulcanized Fibre Co 


Pacent Electric Co., Inc 
Polymet Manufacturing Corp 
Potter Co., The 

Professional Engineering Directory 


Radio Corporation of America......... E 
Radio Engineering Laboratories 
Raytheon Mig. C 

Roller-Smith Co 


Scovill Manufacturing Co 
Silver-Marshall, Inc 


Temple, Incorporated 
Thordarson Electric Mfg. Co. 


United Scientific Laboratories, Inc.............. 


Weston Electrical Instrument Corp. 
Wireless Specialty Apparatus Co. 
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Fixed and Adjustable Resistors 
jor all Radio Circuits 


BRADLEYUNIT-B 
ganio manufacturers, set builders and experimenters demand 
reliable resistors for grid leaks and plate coupling resistors. 
For such applications Bradleyunit-B has demonstrated its 
superiority under all tests, because: 


pn Reet aps valdos are constant 4—Adequate current capacity 
irrespective of voltage drop across = ee 9) - 
resistors, Distortion isthusavoided os palid molded con 
2— Absolutely noiseless > 
3—No aging after long use paiay soldeted: 

Use the Bradleyunit-B in your radio circuits 


RADIOSTAT 
This remarkable graphite compression rheostat, and other types 
of Allen-Bradley graphite disc rheostats provide stepless, velvet- 
smooth control for transmitters, scanning disc motors and other 
apparatus requiring a variable resistance. 


LABORATORY RHEOSTAT 


Type E-2910—for general laboratory service. Capacity 200 watts. 
Maximum current 40 amperes. A handy rheostat for any laboratory. 


Write jor Bulletins Today! 


Allen-Bradley Company 


282 Greenfield Avenue Milwaukee, Wisconsin 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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ATTENTION 
ENGINEERS 


WE NOW HAVE READY TWO NEW 
. PROCESSES ON FILTER CONDENS- 

ERS. A SAMPLE BLOCK OF EACH 
PROCESS FOR LIFE TEST CAN BE 
SENT IMMEDIATELY AND WE 
WELCOME YOUR INVESTIGATION. 


THESE SAMPLE BLOCKS HAVE 
THREE SECTIONS OF EACH WORK- 
ING VOLTAGE EQUIPPED WITH 
LONG FLEXIBLE LEADS TO FACIL- 
ITATE CONNECTIONS. 


COMPLETE INFORMATION WILL 
BE SENT ON REQUEST. 


ACRMCON 


CONDENSER CORPORATION OF AMERICA 
259-271 CORNELISON AVE. JERSEY CITY, N. J. 
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Cerdwell Type $-2059— Special construction. 
AM major parts aluminum. Two elements 
connected by insulated coupling and driven 
by geared vernier. 


They said... 


"We Want a Transmitting 
Condenser” 


and they got what you see pictured at the top of 
this page—a condenser built for transmitting, just 
like every other CARDWELL Variable condenser 
in design but a great deal larger than most of 
them, and made to suit the job. 

To get down to “brass tacks,” though, the point 
we wish to make is that they didn’t come to 
CARDWELL for jewelry, nor for tinware. 

Whether you are a “ham” with modest require- 
ments, or the designer or prospective builder of a 
first class broadcasting or commercial station, 
there is a CARDWELL condenser for your job or 
one that can be adapted to it. 

May we send you our literature? A post card 
or a lengthier communication stating your re- 
quirements will bring a prompt reply. 


CARDWELL CONDENSERS for all purposes 


Variable—Fixed—Transmitting—Receiving 
The Standard of Comparison 


THE ALLEN D. CARDWELL MFG. CORP. 
81 PROSPECT ST. BROOKLYN, N. Y. 
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boil 


Television sending tube 
in hard vacuum or 
gas filled types 


Kinolamp 


Television receiving tube 
adapted to all systems 


Price $7.50 


PROGRESS 
IN TELEVISION 


Raytheon Laboratories took up the 
task of developing tubes for tele- 
vision apparatus as soon as prac- 
ticable principles of television 
transmission and reception had 
been worked out. 


Raytheon progress in this field has, 
therefore, been concurrent with 
television development as a whole. 


We now offer, as equipment of proved 
efficiency, the Foto-Cell sending tube and 
the Kino-Lamp receiving tube. 


The Foto-Cell has been developed to 
the point where cells are made which 
will respond to various frequencies in the 
light-spectrum. 


The Kino-Lamp is being produced in 
numerous types and styles, which pro- 
vide suitable light-sources and light-sen- 
sitive relays for all systems. These include 
various types of spot-glow lamps, as well 
as flat-plate type—all of which will glow 
in white, blue, green and various tints 
of orange. 


These developments are also effective in 
phono-film, in sound-reproduction, and 
in all systems where a sensitive light- 
relay or a sensitive light-source is needed. 


We invite correspondence and 

welcome opportunities to ex- 

tend co-operation in television 
and allied developments 


RAYTHEON MFG. CO. 
CAMBRIDGE, MASS. 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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The new 
CR-1I8 Special is ready 


Based on years of experience in the design and 
manufacture of short wave sets, A. H. Grebe & 
Company has brought out the CR.18 Special. 
Here are some of its outstanding features: 


Greater radio frequency efficiency in the 20-40 
meter band. 


Provides two stages of audio, adaptable to the 
use of power tube, and permitting loud speaker 
operation. 


Volume control—from headset level to full 
audio output—by a single adjustment. 


A. H. GREBE & CO., INC. 
Richmond Hill, N. Y. 
Western Branch : 


443 So. San Pedro Street, Los Angeles, Calif. 


Li HEB 
Anus SYNCHROPHASE, 
RADIO 


MAKERS OF QUALITY RADIO SINCE 1909 
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Type 377 


Vacuum-Tube Oscillator 


An output of good wave 
form is obtained over a 
continuously variable 
frequency range of 
from 60 to 60,000 cycles. 


This frequency range, 
covering speech, carrier, 
and lower radio fre- 
quencies, makes the os- 
cillator adapted to 
psychological and 
physiological as well as 
electrical research. 


Licensed under Pat. 
No. 1113149 for radio 
laboratory experimental 
use only where no busi- 


Type 377 ness features are in- 
Vacuum-Tube Oscillator volved. 
Price—$350.00 


Described in Catalog E, 


The Type 377 Vacuum-Tube Oscillator is typical of our ex- 
tensive line of laboratory apparatus including the following: 


Standards of Capacitance Thermo-Couples 
Standards of Inductance Galvanometer 
Standards of Resistance Wavemeters 
Decade Condensers Oscillators 

Air Condensers Piezo Oscillators 
Decade Resistance Boxes Oscillograph 
Bridges Transformers 


GENERAL RADIO COMPANY 


Manufacturers of Radio and Electrical Laboratory Apparatus 
30 STATE STREET CAMBRIDGE, MASS. 


GEORGE BANTA PUBLISHING COMPANY, MENABHA, WISCONSIN 


